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THE CRREL INSTRUMENTED VEHICLE:

HARDWARE AND SOFTWARE

George L. Rlaisdell

INTRODUCTION

Since the advent of the pneumatic tire, a sophisticated system of

transportation has developed to the point where nearly all of our functions

are in some way affected by vehicular transportation. Vor nearly a century

continued efforts have been directed towards making faster, safer amd ,ore

efficient vehicles. With this has come great refinements in tire tech-

nology and our understaling of vehicle mohility. However, tire design,

evaluation and testing methods are still the subjects of a large number of

studies and will remain so in the forseeable future. Likewise, prediction

of vehicle mobility is still in its developmental stages.

The quantities of traction and motion resistance have characteris-

tically been used to establish how mobile (or immobile) a vehicle is,

especially on deformable surface materials. It is reasonable to conclude

that these quantities are really measures of tire performance, provided the

vehicle is adequately powered. In the past, tests to evaluate traction

involved using a dynamometer (hold-back) vehicle equipped with a load-cell

drawbar. Traction was then calculated from the measured drawbar pull, theI
motion resistance and appropriate correction factors. Motion resistanceIwas determined from vehicle deceleration and by towing or pushing the

vehicle.

Traction and motion resistance as quantities are really just measures

of the forces between the vehicle's tires and their supporting surface.

However, past testing measured quantities that are physically removed from

the vehicle/material interface. With the development of a sophisticated



load cell and a specially equipped vehicle, direct measurement of these

forces is now possible.

This report will describe in detail the equipment and operation of the

CRREL Instrumented Vehicle (CIV), which is equipped with these load cells.

This information is meant to supplement the operation manuals provided by

the manufacturers of the individual pieces of equipment (Appendix A).

Points that are either omitted or not clear in these manuals and the tech-

niques involved with operating all of the equipment together are emphasized

in this report.

VEHICLE HARDWARE

The CRRFL Instrumented Vehicle was originally constructed by the

Nevada Automotive Test Center (NATC) in Carson City, Nevada, and is based

on a 1977 AMC Jeep Cherokee frame and chassis (Fig. 1). The stock vehicle

was modified by NATC in May of 1978 under contract with the San Dimas

Equipment Development Center of the U.S. Forest Service, San Dimas,

California. Further mechanical modifications were made to the vehicle by

NATC in February of 1980 under the direction of CRREL. Subsequently,

electronic modifications have been made by CRREL.

Figure 1. CRREL instrumented vehicle.
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Figure 2. Warn lock-out axle.

Mechanical hardware

Special equipment was added to the vehicle to facilitate specific test

configurations and to provide support for the data acquisition Instrumenta-

tion. This inclule, changes to the hubs, the transfer case, the brakes,

the shock absorbers, the electrical system and the seats.

The instrumented vehicle is equipped with Warn locking hubs on all

four axles (Fig. 2). This allows the vehicle to be operated as a four-

wheel-drive, rear-wheel-drive or front-wheel-drive unit. This versatility

is made possible by the Ouadra-Trac full-time four-wheel-drive system,

which was stock equipment on the vehicle before its modification. With the

Quadra-Trac system, engine torque is delivered from the transmission to a

controlled-slip third differential (or transfer case), which is located di-

rectly behind the transmission. The transfer case, in turn, transmits

torque along front and rear propeller shafts to the differentials located

between the front and rear sets of wheels. The transfer case ensures that

some torque is sent to both front and rear propeller shafts. This results

in drive to at least one front and one rear wheel (due to breakdown of

torque at the front and rear differentials).

With all four Warn hubs locked, the vehicle operates as a normal

full-time four-wheel-drive unit. It can be driven at highway speeds or

3
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used with Jeep's low-range reduction unit (gear reduction) for greater

engine braking, control an! torque at low vehicle speeds.

Two-wheel drive (front or rear) is not as straightforwarl. Since the

Ouadra-Trac transfer case sends torque to both propellor shafts Ii propor-

tion to their needs, having two hubs (both front or both rear) in the free

positt3n causes them to appear to be most in need of torque. The transfer

case thus sends all of the torque to the differential of the free axles,

which produces no vehicle movement. However, the vehicle is equipped with

an e(-? grency drive system (Fig. 3), a stock item controlled by a switch in

the glove box. When engaged, the system nutLifies the differenti action

of the transfer case. Am equivalent amount of torqu1e is then se to each

propellor shaft, and two-wheel drive is achieved.

A dual-brake system has also been built into the CIV. This tem

allows hydraulic pressure to he applied (through the stanlard hr . dal)

to all four disc brakes or only to the front brakes or rear brakes. The

valves For changing the brake configuration are located on the floor at the

lpft side of the driver's seat (Fig. 4). To actuate a set of brakes, the

appropriate pressure valve is opened (counterclockwise rotation) and its

corresporylinA bleed valve is closed. Caution should be exercised to ensure

that the vehicle is not totally without brakes (both pressure valves

closed). A schematic of the brake system is provided in Fijure 5.

IJ

I

Vigure 3. Emergency drive lock control.
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Figure 6. Air-shock-absorber regulator panels.

wheels to be varied by up to 20 lbs through inflation of one set of shocks

and deflation of the other set. En addition, greater wheel-well clearance

for certain oversize tires can be obtained by inflarinp the shock absor-

bers. Vehicle trim is also controlled by appropriate inflation and defla-

tion of the shocks. This is important for aligning the load-cell. axes

properly for the tire size being testel.

Electrical power (500 W) is supptied for most of the instrumentation

from a 12-V d.c. to 115-V a.c. sine-wave static inverter (Topaz type GZ,

Fig. 7). The inverter is mounted in the cargo area of the CIV next to a

12-V battery that provides its input. The battery is charged by an

auxiliary oversize alternator in the vehicle, and the battery's charge is

monitored with a meter located In the instrumentation section of the

vehicle. Output from the inverter is sent to an outlet block located in

the instrumentation section of the vehicle (Fig. 8).

The vehicle is also equipped with swivel seats for both the driver and

4 passenger to allow them to operate the vehicle and the instrumentation. An

overhead 110-V a.c. light has been installed for use during overcast or

night conditions. Shock-mounted tables are provided for all of the

instrumentation.

6
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vitgure 7. Twelve-V di.c. to 115-V a-r . ,3tattc inverter and
battery.

Figure 8. Powei .,trip in the in-

strumentation section of the
vehicle.



Load Cell

Figure 9. Moment-compensated triaxial load cell.

Electronic measuring equipment

Instrumentation has been added to the vehicle to obtain measurements

of pertinent parameters during operation. Descriptions of this equipment

and their locations are detailed In this section. Wiring diagrams for this

instrkunentation are contained in Appendix B.

Central to the CIV are the monent-compensated, triaxial load cells

mounted in the two front-wheel assemblies.' The load cells are mounted so

that they become a vertical section of the cantilevered roil that supports

the wheel (Fig. 9). Since the load cells add 10 inches (5 inches each) to

the overall wheelbase width, each of the front two axles from the steering

universal out were replaced with longer ones. Each load cell is annular to

allow the axle to pass through it.

The load cells each contain three, complete, strain-gage Wheatstone

bridges that measure forces acting in three, mutually perpendicular
.directions. These directions are oriented as shown in Figure l0 and will

he referred to as vertical, longitudinal and side directions. Moment

1Shoberg, R.S. and Wallace, B. (1975) A triaxial automotive wheel force and
moment transducer. Society of Automotive Engineers, Paper No. 750049,
25 p.
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VerhlCOl0
Side

/ LOngitudinol

Figure 10. Axes convention useJ with the triaxial
load cells.

compensation is performed by the strain-gage bridges so that the forces

read by the hrir ,es represent the forces acting at the tire contact patch.

Tle compensation is such that a torque or a couple applied to the tire

registers no force on the load cell.

Each front brake disc is equipped with 100 equally spacei steel nodes

on an R-inch-dlameter circle. A counting proximity detector (Red Lion

Steel Nodes

I

roximity rake Disc
Detector

Figure 11. Pulse pickup proximity detector and steel nodes

on the brake disc.
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Steel Nodes Torque Cell

Poimity

Figure 12. Rear propellor-shaft-mounted

torque cell and pulse pickup proximity
detector.

Controls Prox-Stik Model PSA-PF) Is mounted within 0.05 inches of the ends

of the nodes (Fig. 11). This signal yields exact individual wheel distance

and velocity values. A similar arrangement (using an Airpax 300 Series

control tachometer) on the rear propeller shaft measures the average

rear-wheel speed (Fig. 12).
I

A strain-gage torque sensor (Lebow model 1228) is also mounted on the

rear propeller shaft (Fig. 12). Its signal can be used to measure the

energy input to the rear wheels during both driving and braking.

To the rear bumper is attached a fifth-wheel assembly for measuring

vehicle speed and distance traveled (Fig. 13). The unit consists of a

26-inch by 2.125-inch pneumatic tire mounted on a heavv-duty rim and

secured in a mounting frame. Attached to the wheel axle is a tachometer

generator (for recording speed) and a transmitter with an etched metal

10



a. Plpctrtc winch pickup.

b. Control switch.

vigure 13. Fifth-wheel assembly.



qk

Figure 14. Fifth-wheel tire with a
chain installed for operating on
materials with low coefficients-oF
friction.

optical encoder for a 50-pulse-per-foot output (for measuring distance). A

tire pressure of 34 psi is required for an accurate distance measurement,

and a tire change is required when the tire has worn to within 1/32 inch of

the hottom of the tread grooves. The fifth-wheel assembly must not be left

in Its operating position (down) when the vehicle is backed up; the wheel

;v;-;,mhly will jackknife and become damaged.

For operating on ice and other materials with low coefficients of

friction, a chain has been installed on the tire to eliminate slippage

(Fig. 14). This increases the wheel circumference, and the system must be

recalibrated to yield accurate speed and distance measurements.

12

4



Oriver readout

To allow Immediate feedback of force and velocity values and to allow

the use of a particular measure,1 quantity as a control parameter, a driver

readout display unit has been installed (Fig. 15). The main unit consists

of thre- pulse counters (for the front two wheels and the fifth wheel), a

right- arki left-side digital panel meter (DPM), and two sets of switches

(ri ,ht and left q[de). Each switch set contains four push-button, douhle-

pole, double-throw switches, which select wheel speed or vertical, longi-

tudinal, or side force. A second set of switches and 1)P1s are present to

accomodate future instrumentation of the rear wheels. T'he driver readout

,init is mounted on the floor between the driver and passenger seats ard can

he easily read by the vehicle operator. Fifth-wheel speed is read on a

digital meter, which is mounte4 on the top of the dash directly in front of

the Ariver (Fig. 15b, viq. 88). This allows the operator to maintain a

particular vehicle speed without Jiverting his eyesight from the test

C 0o1 rse.

The pulse counters require a 12 V d.c. signal while the DPt4s need

110 V a.c. Both are suppliel from the velocity signal conditioner unit

(Oescribed later) anA can be switched with the mastpr switch on the front

oF the conditioner. The fifth-wheel unit operates on 12 V d.c., which Is

suppliel hy a hard-wire connection to the vehicle's main hattery. A switch

on the readout display unit activates the whole fifth-wheel assembly. A

switch on the pulse counter box (Fig. 19) is used to interrupt the input

pulse train to allow pulse count recording for a discrete interval. The

total distance can be calculated from the pulse count; the fifth-wheel

outputs 50 pulses per foot of travel (the pulse counter reads every other

pulse on the fifth-wheel). Thus the total count divided by 25 yields the

distance traveled in feet. The front wheels output 100 pulses per

revolution, so the rolling circumference of the tires is necessary to

convert the number of front wheel pulses to distance.

The DPMs receive their input signal (Fig. IO) by way of the selector

4 switches (Fig. 811). When displaying load-cell readings the DPMs read in

hundredths of millivolts and represent the actual force in pounds. A

decimal point is added to the DPM display when a velocity channel is dis-

played; the readout is in miles per hour.

To facilitate driver readout in actual pounds of force and speed, the

input signal, piggybacked from the input leads to the Series 400

13
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Pulse Counters

Front-wheel Force and
Speed Readout Meters

Switches

-Readout Meters for
Rear-wheel Expansion

. Equipment mounted on the floor.

j

b. Fifth-wheel speed readout mounte, on the dash.

Figure 15. Driver readout unit.

14



Pulse
C ounr~ter s

I Multiplexer,

L A/D ConvereCor

Signal Conditioner

o C aLoad- ceL ol( Signail Conditioner[

F~fth WheeW Signal Tronfer Lines

i Rear Propeltter Shoff

: :::>Torque Cell and
Pulse Pickup

Left Front Rl(9ht Front

Load Ceil ond Load Cell arid

Pulse Pickup Pulse Pickup

Figure 16. Block diagram of the instrumentation
installed in the CIV.

multiplexer (described later), must he zero-adjusted and scaled. This is

accomplishd,! by a differential amplifier, which, for space and convenience

consi.lerat tons, was constructed on a blank Seripes 400 card arki is housed in

the multiplpxer box. k schematic and connector instructions are suppled in

Figures B12 and B13.

DATA ACOHISLT[ON AND MANIPULATION EOUIPMENT

Up to this point the description of the CIV has involved basicallyI nonremovable or integral parts of the vehicle (the external fifth-wheel

assembly is removable). If the proper inputs to and outputs from tLe

measuring devices are satisfied, any system for readout and recording could

be attached. This section contains a description of the present data

acquisition equipment and its operation. Figure 16 is a general block

diagram of this equipment.

15
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-Velocity Signal
Jim ,Conditioner

Series 400
Multiplexer

Series 300 Load-cell
Signal Conditioner

Figure 17. Data acquisition equipment.

Eleven channels of information have been identified; seven are force

measurenents from load cells (strain-gage bridges) and four are velocity

measurements from a tachometer generator or pulse pickups. Each load-cell

and pulse-pickup channPl requires an excitation or power source in order to

function. This power is supplied by two signal conditioners, one for the

load cells and4 the other to configure the velocity channels.

Load-cell signal conditioner

The load-cell signal conditioner is a Neff Series 300 model (Fig. 17)

and allows each channel to be separately configured for a particular trans-
A

ducer type. The signal conditioner provides a constant-voltage (2-10 V

d.c.) or a constant current (2-50 mA) excitation. It also furnishes

circuitry for bridge completion and remote-control calibration.

Connections to the Series 300 from the load cells are hard-wired in

groups of four channels to a screw terminal p-c card edge connector

16
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Figure l. Series 300 strain-gage moie card.

accessible from the rear of the unit. A typical connector and the key to

attachment is illustrated in Figure R5.

The Series 300 is equipped with four-channel input conditioning plug-

in circuit cards. Each of these cards contains an excitation power supply,

relays and calibration circuits for each of the four channels it rondli-

tions. Pour mode cards may be attached to each input conditioning card.

The node cards provide circuitry for bridge completion and hal-ance, and

positions for mounting shunt resistors. Figure 1 shows the strain-gage

mode card as it is configured for each of the load-cell channels. Excita-

tion is monitored from Cie front of the card and adjustel with resistor

R5. Likewise, transducer output can be monitored on the mode car and the

bridge balanced with R7. The system is normally adjusted to provide a 10-V

d.c. excitation to each of the seven load-cell channels.

Output from the Series 300 comes from the rear-mounted? card-edge

connectors and consists of high and low signal terminals and cable shield

connections (Fig. B5).

The Series 300 can be operated in either a local or remote mode as

chosen by switch S115 on the reference supply, relay driver card (FiR.

19). In the local mode an LED indicator and switches SWI - SW4 are acti-

A vated. Relay KIOL is activated by placing switch SWI in position I (not

position n as indicated in the Neff Series 300 manual). This enables

voltage calibration of each channel when the optional voltage dividers are

installed. The present system does not have these dividers. When K1O is

activated, a short is placed across the output leads, allowing a system

zero-point reference.

17
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SI K 101 Voltage CCalibration
0 (system zero without voltage dividers)

5W2 1K 102 Shi~nt Resistance (strain gage)
0o Voltage Substitution (thermocouple)

SW3 K 103 Not Used

SW4 0K 104 Not Used

SW5 & Remote

LED I L31ocal Indicator

TP7 0+IBV

TP6 Common

TP5 -18V
R48 0Adjustment for Exciltion Supply

TP6 H igh

TP Low IExcitation Monitor

Figure 19. Series 300 reference
supply, relay driver card (0
off, 1 = on).

Table 1. Shunt-reststor load equivalent values.

Channel Signal ---- Resistor Value (IM) -Load Equivalent (ibs),

IR. Vertical 150 2124
2R. Longttud inal 150 2001

3 Rl. Side 300 1992
5 L. Vertical 150 2184
6 L. Longitudinal 150 2011
7 L. Sid e 300 210g
9__ Torqute Cel60 594 (inr-lbs)

The activation of relay K(102 puts resistor RI (Fig. 18) into the

bridge parallel iwith one amt of the bridge. This enables single-point

shunt calibration, provided the loa eqitivalent of the resistor has been

calculated and the bridge has been halanced (zero output) before K(102

is activated. It is important to zero the bridge first to avoid the possi-

bility of nonlinear calibration. Shunt values for each load-cell channel

18



on the CIV are listed in Table 1. Relays K103 and X104 are not used with

the standard input conditioning cards in the CIV.

Switches SWI - SW4 can also be operated remotely if SW5 is in the

remote position. This is accomplished with instructions entered through an

Interface (discussed later) connected to port J15 (CAL AflDR in) located on

the back of the Series 300.

Velocity signal conditioner

A second signal conditioner (Fig. 17) provides the necessary circuitry

for the velocity channels. This unit was initially constructed by NATC and

has subsequently been modified by CRREL to function properly with the new

instrumentation. The velocity signal conditioner converts the incoming

pulse frequencies (from the proximity detectors) to a d.c. voltage, which

represents speed. Three of these converters are present, one for each

front wheel and one for the rear propeller shaft. Conversion from fre-

quency to d.c. for the fifth wheel. Is not necessary since an analog signal

is output from the assembly's tachometer generator. Circuitry is provided

for making scaling adjustments (located on the front face) and for filter-

ing (switches on the back panel). Input and output from the velocity

signal conditioner is via connectors located on the back of the unit (Fig.

B6).

Multiplexer and analog-digital converter

Conditioned analog (d.c. voltage) signals from each of the 11 data

channels are output from the two signal conditioners Into a Neff Series 400

multiplexer (Fig. 17). The Series 400 contains a high-speed analog-signal

multiplexer, programmable gain amplifiers, a sample-and-hold amplifier, an

analog-to-digital converter and logic for interface control. The unit

houses differential multiplexer plug-in circuit cards containing l0-Hz

low-pass filters ant remote-controlled channel switches for 16 channels.

The output from the multiplexer card is applied to a two-stage programmable

gain amplifier, which allows full-scale input sensitivities from 5 mV to

10.24 V. The signal is then passed through a sampling-rate filter and a

sample-and-hold amplifier before analog-to-digital conversion and output.

Input to the Series 400 from the Series 300 and velocity signal condi-

tioners is hard-wired In groups of 16 channels to a screw terminal p-c card

edge connector located in the rear of the unit. Attachment instructions

are illustrated in Fig. B7.
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Figure I0. Series 400 last-channel switches.

Unlike the Series 300, the Series 400 can only be operated in remote

mode. An optional control panel (not present in the CIV) would allow some

local control.

The Series 400 can be operated in one of two channel addressing modes,

sequential or random. Durin sequential operation, data samnling begins at

channel 0 and continues until the last channel is sampled. The channel

address pointer is automatically advanced by one each time a channel is

sampled until the last channel is converted, at which point the address

pointer is reset to channel 0. The number of the last channel to be

sampled is set on the last-channel switches (Fig. 20) located on the logic

control card in slot 2 of the card cage. The switches consist of a minia-

ture eight-toggle assembly. Each switch, when set to the open position,

generates a logic one while the closed position produces a logic zero. The

last channel to be sampled is then chosen by producing a base two number

(ones and zeros), which represents the last-channel address. Vor conveni-

ence, base ten numbers are listed beside each toggle. The last-channel

address can be easily set by adding the appropriate combination of base ten

numbers and putting each of their toggles to the open position, with all

others closed. Channel addresses begin with 0, so that for a system with
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Figure 21. Series 400 throughput-rate

switches.

52 input signals the last channel address is 51. (Last-channel switches

for this example would have toggles set open for the base ten numbers 1, 2,

16 and 32, while all the remaining toggles would be in the closed posi-

tion.)

Random mode addressing requires that the system be fed a channel

address each time a request-for-conversion is initiated. When set to
random mode the Series 400 deactivates the last-channel switches.

4The actual time required to sample a channel is governed by the

throughput-rate switches (Fig. 21), which are mounted on the filter,

sample-and-hold card in slot 4 of the card cage. These push-button

switches represent (from top to bottom) 1.25-, 2.5-, 5.0- and l0-kHz con-

version rates. Selection of a throughput rate not only sets the per

channel sampling time but automatically adjusts a sampling-rate filter to

an appropriate bandwidth for that conversion rate.
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The Series 400, as mentioned previously, is operated remotely through

an interface. Details of operation via the interface are covered in a

separate section; however, the operation of the Series 400 is briefly

covered here to avoid confusion with interfacing instructions and function-

ing.

Before actual sampling, the correct throughput-rate and last-channel

switches must be set. To select the proper conversion rate, the total

number of channels to be sampled must be multiplied by the desired

scan rate (time between successive samples on one channel). This number

indicates the total number of readings (conversion cycles) that must he

performed per unit of time. The throughput-rate switch must be set so that

conversions are accomplished at this speed or faster. The last-channel

switches should indicate a number that is one less than the total number of

channels to be scanned.

Operating the multiplexer in a sequential addressing mode requires

that the SEO/RAN line be set to a positive-true level (hinarv 0). This

instruction resets the address pointer to channel 0 and activates the

last-channel switches. A gain code is then read, which represents the

magnitude of the expected full-scale analog input. rain codes and their

corresponding maximum sensitivity levels are shown in Table 2. Sampling

may now begin by issuing a positive-true level on the STEP/STROE line.

When the STEP/STROBE line is set, the Series 400 begins the conversion

cycle and may not he interrupted again until the system has output a data

word and has issued an EOC (end of conversion) pulse. On the trailing edge

of the EOC pulse, the channel address pointer is advanced by one, and the

system can again accept a STFP/STROBE input. Data may be read on the

trailing edge of the EOC pulse, even if a new conversion cycle has been

initiated.

Random mode sampling is accomplished by not setting the SEO/RAN line

(binary 0). The gain code and channel address must be specified for each

conversion request and may he issued before or with each STEP/STROBE

pulse. As with sequential operation, an EOC pulse follows output of a data

word and a new conversion cycle may be initiated.

The minimum time required to complete a scan (one sample taken for

each channel in the system) is found by multiplying the number of channels

by the selected throughput sampling time. This assumes that STEP/STROBE

pulses are issued immediately after an EOC pulse is received. Sampling
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Table 2. Gain code - full scale sensitivity values

Gain code
Base 10 Binary Gain Sensitivity

11 1011 2048 5 mV
10 1010 1024 10 MV

9 1001 512 20 mV
8 1000 256 40 mV

7 0111 128 80 mV

6 0110 64 160 mV
5 0101 32 320 mv
4 0100 16 640 mV

3 0011 8 1.29 V
2 0010 4 2.56 V

1 0001 2 5.12 V
0 0000 1 10.24 V

rates (channel-to-channel delay) can then he governed by the time hetween

consecutive STEP/STROBE pulses. The scan rate is a function of the tine

used to sample all the channels plus any delay inserted between the EOC

pulse received From the last channel and the STEP/STROBE pulse for the

first channel.

Output From the Series 400 consists of a digitized two's-complement

12-bit word. The output word is available to the interface on the output

register during the channel period following analoq-to-d igital conversion.

The output interface is connected through port J6 on the rear of the Series

400. Input instructions iuring remote operation of the multiplever are

transferel via the interface through port 18.

Minicomputer

The Series 300 and 400 are operated in the remote mode by a Hewlett-

Packari 98451 minicomputer (Fig. 22). The computer, through a 16-bit

parallel interface, sends instructions that set appropriate switches,

furnish sequential or random sampling, gain and channel address informa-

tion, and initiate conversion cycles. Data words sent back by the Series

400 are read and stored for later manipulation.

The 9845 has two 217K-byte tape cartridge drives, which are used for
mass storage of data and programs. A, 187K-byte read-write memory is avail-

able for working semiconductor memory. Data anM programs can be displayed

with the computer's 20-line, 80-column CRT or the 80-column internal
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Figure 22. Hewlett-Packari 9845 minicomputer.

thermal printer. A graphics read-only-memory (ROM) allows data plots to he

generated and outputs in video or hard copy forn. The 9845 also has a

real-time clock, which is used to sneasure time intervals accurately and to

generate interrupts for initiating a scan or conversion cycle. The entire

data acquisition system is operated through the software instructions used

by the computer.

SOFTWARE

The HP9845 computer programs for use with the CIV are written in BASIC

programming language. Two primary programs are present, one which controls

ani acquires data during operation of the vehicle (D)ATACO) and one forI
reading and manipulating stored data (READ-2). These programs are listed

in Appendix C.

The programs are written in an interactive mode and prompt the user

for the required input. Where convenient, a menu is provided to allow the

uer to choose the desired routine.

The data acquisition program (DATACQ) is divided into a main program,

which gathers documentary information about the locality and conditions

present in the test area, and several subprograms. The main program begins
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by checking to see that the data storage cartridg.e (tape drive T14 on the

9845) is not full (42 files). If full the program directs the user through

a cartridge-changing procedure.

The user must next choose whether to proceed into the main program

or to run the calibration subprogram (calibration) (line 360). The purpose

of the calibration subprogram is to take zero-load, zero-speed readings and

shunt-resistance, fixed-speed readings and to calculate the appropriate

scale factors for each channel. The subprogram stores the zeros anJ scale

factors in a file which always begins with the letter C. A new calibration

file should be created each time the data acquisition system is turned on,

the front tires are changed, or the air pressure in the shock absorbers is

changed.

Following input and printout of the documentary data (lines 400-1250),

a channel sampling subprogram (Scan) is called (line 1260), which performs

the actual data conversion and transfer. Subprogram Scan is set up with a

series of two interrupts. The 9845 real-time clock is used to generate

interrupts at a user-chosen rate. This rate represents the frequency with

which a call is made to the subroutine Sample, which sequentially collects

a data word from each channel in the system. The clock interrupts a

meaningless infinite loop (lines 1890 and 100), which allows the Sample

routine to be addressed as quickly as possible following the clock signal.

Data acquisition may be terminated in two ways. The program is set up

to hold a maximum of 1410 data points per channel. The clock interrupts

and the Sample routine are automatically disabled when 1400 data scans have

been completed. Should the test be finished before the maximim nunber of

scans is completed, data acquisition can be terminated by the user by

pressing the special function key KO, which is defined in an ON KEY state-

ment (line 1730). This user-generated interrupt has a higher priority than

the clock-generated interrupt, so it is always serviced when called.

Details of the coding used in the Scan subprogram to control the data

acquisition equipment will be covered in the interfacing section.

4When data acquisition is complete, a menu is offered the user (lines

[310-1420). Included are subprograms for storing data, viewing the raw

data, plotting the data, stopping the program, rerunning the program,

calibrating the system, and generating several calculated values. The

Store subprogram saves the documentary data gathered in the main program

and all of the data acquired by Scan. The data taken in Scan are stored in
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their internal, unformated binary form. This greatly conserves storage

space on the tape cartridge. Any subprogrami that requires viewing or

calculation of meaningful numbers requires conversion of the data acquired

in Scan. The Convert subprogram is automatically accessed when a

subprogram requiring meaningful values is chosen from the menu. uising a

variable-to-variable transfer and the appropriate calibration file, the

binary data are converted to numbers in units of pounds and miles per

hour. As part of the Convert routine, the binary data must he inverted

(zeros changed to ones and ones changed to zeros). This is accomplished

with the BINCMP function (line 3950) and is necessary because the Series

400 uses positive-true logic, while the 9845 interface and computer use

negative-true logic.

Data plots can be created with the Plots subprogram. Any of the

measured quantities may be chosen for the ordinate, while time, distance

or differential interface velocity are the choices for the abscissa. Both

the right- and left-wheel data (for the chosen quantity) are plotted on a

single graph. Di stance, although not measured directly, is found by

integration of the speed vs time data. Since both wheel and vehicle

(fifth-wheel) speeds are being measured, plots can be with wheel or vehicle

distance.

Several value-generating subproarams are Incluied in DATACO. The

Average subnrogram gives the user the choice of which data channels he

wants average force or speed values for. The value returned can be the

average for any percent (chosen by the user) of the data points taken.

Subprogram Average sorts the data into an ascending order array and then

averages the upper percent chosen by the user. If a 100% average is

requested, the array-sorting routine is omitted and all the data points are

averaged.

Subprogram Slip-energy is an integration routine that calculates the

area under the longitudinal force vs distance curve. The energy term

generated by the subprogram can be relative to wheel or vehicle distance.

.Program READ-2 is designed to access data files which were acquired

and stored by DATAC,0. This program is also structured with a main program

and several subprograms. The main program requests the file name of the

data file to be viewed (line 140) and reads the documentary and test data

from the file. The documentary data may or may not be viewed. Test data

are then converted with subroutine Convert, just as in DATACO. Access to

26

-__.



the subprograms is through a menu item selection (lines 420-520). The

REA.)-2 menu contains the same routines as DATACO, except Store and

Calibration.

Programs DATACO and RFAD-2 are stored on the tape cartridge labeled

"master cartridge." This cartridge must be run from tape irive T15 on the

9845 computer. T)ata cartridges, either for writing data to or reading data

from, are operated in tape drive T14. The master cartridge contains a

program AUTOST, which is lesigned to load and run DATACO or READ-2, depend-

ing, on the user's choice. If the AUTOT key on the computer is latched in

the down position before the power is turned on to the computer, program

AUTOST is automatically loaded and run. Thus, by depressing the AIHTOST key

before turning the power on, the user need only to respond to self-directed

questions posed by the computer; no previous knowledge of the 9845 computer

or its operation is necessary for running programs DATACO or READ-2.

INTERFACING

Interfacing, the process of intercommunication between the 9845 com-

puter and the programrma'1e peripherals, is performed in subprograms Scan

and Calibration. The interface card used to implement communication with

the Neff instrumentation is a 16-bit-parallel interface and cable (Fig.

Figure 23. Sixteen-bit-parallel interface and cable.
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

INT DMA RESETI AH I - - ICTL1 CTLO
INT: Interrupt Enable on FLG = Ready

DMA: Direct Memory Access Enable
RESET: Reset the Card to Its Power-on State

AH: Auto Handshake Enable
X: These bits are not used and may be a 1 or a 0

CTLI,0: General User-definable Control Bits

Vigure 24. Bit assignments for the R5-out interface register.

23). This interface allows 16 bits of binary data to be transferred

simultaneously either for input or output. Several other peripheral

control and status lines are also present.

All communication with the 98032A interface is addressed to the R5

interface register. The specific bit arrangement which is sent to the

register dictates the interface's mode of operation. vigure 24 illustrates

the bit assignments for the R5-out register (information sent by the

computer). Input of a binary I to any bit constitutes "setting" a partic-

ular bit.

Bit 7, when set, instructs the interface to request an interrupt of

the input-output (1/0) processor whenever the peripheral indicates (to the

interface) it is ready. Bit 6 enables a direct memory access (DMA) trans-

fer each time the peripheral inlicates it is ready. A normal DMA transfer

is handled automatically by the 1/0 read-only-meinory (ROM), and thus pro-

gram set and clear of bit 6 is unnecessary. Bit 5, the reset bit, is used

to return the interface to its power-on state (bits 4, 6 and 7 cleared).

Bit 4 of the R5 out register is used to operate in an "auto-handshake"

mode, and like bit 6, it is normally operated automatically with the 1/0

ROM. No meaning is placed on bits 3 and 2; their values are ignored.

Register bit 0 is used with the CIV system to iirect instructions to the

j two programmable peripherals (Series 300 and 400). When the bit is set,

jsubsequent 1/0 instructions are directed to the multiplexer (Series 400).

A binary zero in bit 0 causes remote instructions to be sent to the Series

300 signal conditioner. Bit 1 is not used with the CIV system.

The control byte (the bit pattern sent to the R5-out register) is set

up in the CONTROL MASK programming statement. This statement defines the

bit configuration for ENTER and OUTPUT transfers. The mask value is the
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Bit 7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 1Bit0

INT IDMAj 1 0 iD IOD STI1STI0
iNT: Interrupt Enabled Indicator

DMA: DMA Enabled Indicator
lID: Invert Input Data Jumper Installed

IOD: Invert Output Data Jumper Installed
STI1,0: General User-definable Status Bits

Figure 29. Bit assignments for the R5-in interface

register.

base i0 equivalent of the binary sequence of ones and zeros that set or

clear the R5 register bits. The CARD ENABLE statement is then used to

actually write the current mask value to the R5 register.

Operational information (nondata) is sent back to the computer

(through the interface) through the RS-in register. This eight-bit

register is interrogated by the computer to Pain information about the

status of the interface. The bit assignments for the R-5-in register are

shown in Figure 25.

Bits 6 and 7 indicate (when their value is binary one) whether or not

the interface card has been made available for DMA or interrupts, respec-

tively. Bits 4 and 5 are set at the factory. Bits 2 and 3 indicate the

presence or absence of hardwire jumpers on the interface card. The two

jumpers tested for by bits 2 and 3 have been installed on the 98032A inter-

face card and indicate that the incoming and outgoing binary Ista need to

be inverted (complemented). This allows meaningful communication between

the negative-true-logic computer and the positive-true-logc Neff peri-

pl erals.

The final two bits, I and 0, are iefined by the user and may be

connected to any peripheral output lines. Line connections between the

interface and peripherals are shown in Figure 26. The standard Hewlett

Packarl nomenclature is shown beside each interface connection. The

signals carried by these lines to and from the Series 300 and 400 and their

meanings to the peripherals are also shown in Figure 26. Several standard

jumpers are installed on the interface, allowing the computer-interface-

peripheral system to operate efficiently (Table 3).

To fully explain the interfacing technique and how it fits in with the

information presented in the sections covering data acquisition equipment

29

no--



Output from Computer Input to Computer

Series _S,r.. , 98032A Seres
300 - 0 Interface Coble 400

1,, ( - 0, 0 , G

Sea /Ron --i D-s 0- 0 02 - [), I

D c i- - 3 0 0 3 0- D , 4

Gain D13 - 4 0 0 4 I- D,3
0012 5 0 0 5 - D,12
0011 - 6 0 0 6 - Dill

I r 010 - 7 0 0 7 I- D 1

1[09 8 0 0 8 - DI9

I IDO8 9 0 0 9 D18

I [D 7 -- ,0 0 10 D'

Channel D06 I0 0o o - 6 Doto

Address 1005 - '2 0 0 '2 D Word

SD O 4 - - 1 3 I -- D 14
De03a ,- "07 4 0 0 14 J DO3

RD02 150 0 15 I D2

Switches J IDO - 16o 0 I-- Di
DO0 - 17 0 0 1 7- 0fO

IGND - 18 
0  

0 18 - DRAIN I

Step/Strobe--IPCTL - 19 0 019 - PLG r-EOC

1,0 - 200 020 - PSTS

iPRESET - 21 0 021 - EIR

CTLO 220 022 - STO

CTL - 230 023 - ST I

GND 240 024 - GND I

DRA;N - 250 025 - NC I

Figure 26. Cable connections between the
Series 300 and 400 peripherals and the bit-
parallel interface.
1. Random mode: 0; sequential mode: 1.
2. Switches activates: 0; off or normal

operation: 1.

and software, portions of the Calibration and Scan subprograms will be

described line by line. In the Calibration subprogram (program DATACO),

line 2420 issues the first interfacing-related instruction. As previously

mentioned, the CONTROL MASK statement sets the bit pattern for the R5-out

register. The bit pattern in line 2420 is defined by a base 10 zero (which

converts to a binary zero) and is meant only for the interface with its

select code set to 6 (thus the 6 before the semicolon). Line 2430 writes

this bit pattern to the R5 register of the interface with select code 6.

Figure 24 shows that the function of lines 2420 and 2430 is to clear all

seven of the control byte bits. Bit 0 being cleared, subsequent instruc-

tions will be directed to the Series 300. Line 2440 writes a data word to

the Series 300 through the interface on select code 6 using the work hand-

shake (WHS) mode of data transfer. Hiandshake is a term that describes the

sequence of operations which occur when a data unit is transferred. The
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Table 3. Jumper wires installed on the 98032A interface.

Jumper

9 Clocks the high input byte when PFLG goes ready from busy.

D Clocks the low input byte when PFLG goes ready from busy.

I Sets bit 3 in the status register, changes the input data
lines to positive true logic.

Sets bit 2 in the status register, chanres the output data
lines to positive true logic.

3 Comnlements the logic sense of PCTL; high = control set and
low = control clear.

B Selects the words input mode.
F Selects the words output mode.

7 A llows the calculator to activate the DMA (Direct Memory
Access) mode of operation.

handshake's basic purpose is to ensure proper timing during the transfer

process. The data word sent by line 2440 is the binary equivalent of (base

10) 15, which is 1111. Figure 26 shows that this bit pattern clears (i.e.

normal operation) all of the relay switches in the Series 300. Thus the

peripheral unit is readied for normal data gathering. The format used to

send this bit pattern is indictated by the USING "#, W- portion of the

statement. The # specifier suppresses both the carriage-return and the

line-feed normally output at the end of an output list. The W specifies

that two bytes of two's complement binary data is to be output.

Lines 2450 and 2460 set the R5-out register bit pattern so that all

bits are cleared except bit 0. This pattern directs future instructions to

the Series 400. The OUTPUT statement in line 2490 is again directed to theI
98032A interface (set to select code 6) and uses the same transfer and

formatting types. The data word sent to the Series 400 is the binary

equivalent of the base 10 result of the expression to the right of the

semicolon. The gain code (represented by variable Gain) is defined in line

2350 and sets the system sensitivity as shown in Table 2. Gain is multi-

plied by 2048 so that the gain code will be placed in bits 11 - 14 of the

output (from the computer) word (Fig. 26). Since bit 15 has not been set,

the Series 400 is prepared to run in a random channel-sampling mode, and
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thus requires a channel address for each call to the perioheral. The

channel address is given by the (7-I) expression, which is defined by the

loop set up in line 2480. Since it is handy to think of the channels as

being numbered 1 - ii, the channel. address (for the Series 400) must he

decreased by one since the peripheral channel addresses begin with zero.

(With Gain = 10 and J = 5 the output word equals 20484, which translates to

0101000000000100 in binary. This bit pattern is sent to the Series 400 on

the interface cable lines DOO - D015.)

The ENTER command (line 2500) reads the data word on cable lines DIO -

DI15. Since the Series 400 employs a 12-bit A/n convertor, only the first

It lines contain the data word. The same interface select code is refer-

encel by the ENTER statement. The format for input cancels the line-feel

terminator (#, data entry terminates with the last item in the enter list),

andi requests input of one 16-bit word from an interface (W).

Lines 2530 - 2630 repeat this sequence; however, a 13 (binary 1101) is

output to the Series 300 (line 2550), which activates switch K(102 for

shunt-resistance substitution.

The next series of instructions in the subprogram Calibration that

involve interfacing are lines 2720 - 3050. The Series 300 is switched back

to normal operation in line 2740. The output word sent to the Series 400

(line 2770) includes the gain code (multiplied by 2048 to move it into bits

11 - 14). The -32768 value converts to a binary number, which has a one in

bit 15 and zeros in all others. This sets the Series 400 for sequential

mode sampling, and thus no channel addresses are necessary. The call to

sequential modc' sampling in line 2770 also resets the channel address

pointer to chaiinel 0. Upon each successive conversion the pointer is

advanced by one until the last channel. (set by the last-channel switch) is

reached.

Lines 2890 - 3050 repeat the sequence in lines 2720-2880, except with

the Series 300 operating with switch K102 activated. The data acquisition

sequence in lines 3060-3260 is pe-formed in the random sampling mode (line

3230) and with the Series 300 in normal operating mode (line 3080).

The Scan subprogram involves interfacing to both the 98032A interface

(select code 6) and the real-time clock interface (select code 9). Lines

1660 - 1680 ensure that the switches in the Series 300 are set for normal

operation. Instructions in lines 1690 and 1700 set up the real-time clock

for operation as a counter and as an interrupt producer. The ON INT #9
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statenent (line 1740) instructs the orogram where to 'ranch when an Inter-

rupt request is received from the clock. This interrupt is given a prior-

ity of 8 so as to be overridden by any user-produced interrupt produced by

key KO (defined with priority 15 in line 1730).

The mask value of 128 (line 1750), which is defined for the clock,

enables the clock to request interrupts (sets bit 7 of the R5 out

red lster). Interrupts frown the clock are generatei at an interval (scan

rate) that is defined in line 1760. The CARD ENABLE 9 statement enables

the clock to request an interrupt of the processor for the purpose of

transferring program control (since it is being used with an ON i4T state-

ment) . Lines 1780 - 1800 set up the Series 400 for sequential node

sampling and set the system gain.

The CONTROL MASK statement In line 1810 sets bit 5 (ani bit 0) of the

98032A R5-out register. Bit 5 is used to return the interface to its

power-on state, which causes the PCTL handshake line to return to high.

normally this would indicate that control is not set; however, with jumper

3 installed, PCTL high indicates that control is set.

The PCTL line is paired with the PFLG line. The peripheral sets

control (low-to-high transition) on the PCTL line by a low-to-high transi-

tion on the PFLC line. Vigure 27 illustrates how these features accomplish

the data handshake process. The CONTROL MASK statement (line 1810) then

defines a bit arrangement which gives control over the state of the PCTL

(STEP/STROBE) line. When the CART) ENABLE 6 statement is executed, the mask

bit arrangement is sent to the interface and the STEP/STROBE pulse is

issued.

Line 1850 causes a 20-ins ielay to be completed by the interrupt unit

of the clock before any interrupts are issued. This is to allow the

beginning time reading (lines 1870 and 1880) to be completed before any

interrupts are requested. Line 1860 actually starts the clock and begins

Betoe , , SIep/Stobe

Alde" 'G- 7 1, A Chat B ICh, C

Data Out Plo. Cha, Chao A E Chop 8

-D_1', No, ,,

Figure 27. Sample sequence timing.
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the data acquisition process. Program flow then continues into an endless

loop. The ON INT #9, CONTROL KASK 128, CARD ENABLE q sequence produces

clock interrupts that branch program flow to the subroutine Sample. When

an interrupt request is received, the processor first completes execution

of the current line before interrupt branching is taken. Thus, the rapidly

executed meaningless statements in lines 1890 and 1900 are inserted in the

program.

Upon receiving the request for an interrupt, the processor branches to

subroutine Sample. The clock is made available for interrupts (line 1910)

so that the scan rate can he maintained as closely as possible.

A special form of data input is utilized in line 1940 in order to

gather the digitized Series 400 output as rapidly as possible. This

transfer is an unformatted (NOFORMAT) word direct memory access (WDMA)

input. By specifying NOFORMAT the data are sent and received in their

internal binary form. Using NOFORMAT the number of words to be transferred

must be specified; this is represented by the variable N. When the ENTER

statement is called, the PCTL line is still in the high state and

constitutes the issuance of a STEP/STROBE pulse. The Series 400 then

converts one channel of data, the channel indicated by the channel address

pointer. Channel 0 will be converted on the first STEP/STROBE pulse since

the address pointer was reset to channel 0 when the Series 400 was set up

for sequential sampling mode (line 1800). Following analog-to-digital

conversion and placement of the data word on the interface cable lines DID

- DIII, the Ser ies 400 issues an EOC signal (low to high on the PFLG

line). Since jumper 3 is installed in the interface, the incoming EOC

signal causes the PCTL line to return to its high state (control set).

This issues another STEP/STROBE pulse, which initiates another conversion

cycle. The data word read at the end of each conversion cycle satisfies

one count toward the count parameter N (line 1940). The self-triggering

conversion cycles will continue until the number of data words read equals
N. At this point the enter list (variable Dt$) is satisfied and the ENTER

NOFORMAT statement is terminated.

Line-by-line execution proceeds to line 1950, which returns the

program to the line following the one that was being executed when the

interrupt request was received. This will be either line 1890 or 1900, and

the endlesq loop execution will continue until another clock-penerated

interrupt request is received. The endless loop is automatically exited
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if 1400 data scans have been completed (array ntS is full, line 1930). If

a test is completed before 1400 scans have been executed, the loop may be

exited by pressing special function key KO, which was defined in line

1730. Immediately after data acquisition is complete, an end time reading

is taken (lines 1960 and 1970). The actual time between scans is then

calculated from the beginning and end times and the number of scans

completed (line 2020).

The data in array Dt$ are still in an internal binary form and are not

suitable for display or calculation. Each member of the character array

Dt$ is a single binary character string that represents the readings taken

from all the channels during a scan. Subprogram Convert uses a variable-

to-variable transfer to convert the character strings into separate numeric

data items. Data are stored, however, just as they are in array Dtq.

OPERATION

Basic Functioning

Instrumentation in the CIV may be used with or without the vehicle's

engine running. For inside use or for performing system checks where

running the engine Is impractical, an extension cord can be used to provide

the 110-V power requirements of the instrumentation. A receptacle is

located on the far right side of the back of the vehicle, and a switch,

located in the vehicle's rear compartment on the right side, is used fc-

selecting inverter or shore (external) electrical supply. Receptacle and

switch positions are shown in Figure 28. When operating from an external

electrical supply, the instruments which require 12-V d.c. power are run-

ning off the vehicle's battery.

When using the inverter to supply electricity, the vehicle must be

running before the invertor is switched on. The selector switch should

then be moved from the center (off) to the inverter position.

Once the electrical supply for the vehicle has been established, power

for any instrumentation is available at the power strip located inside the

vehicle cab (Fig. 8). This outlet block contains an on-off switch, an

indicator light and a circuit breaker. Switching the barrier strip on

automatically turns on the Series 300 and 400 units. The computer has its

own on-off switch located on its right side. The velocity signal con-

ditioner switch is used to turn on the driver readout unit, both signal
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Figure 28. External power receptacle and switch.

conditioners and the multiplexer. The fifth-wheel system is activated fron

the display unit's on-off switch (Fig. 13h).

Set-up for a test should include adjusting the excitation supply

(10 V) to each load-cell channel. (variable resistor R5, Fig. 18) anA

placing the remote-local switch (Fig. 19) and switches K101 - K104 in the

iesirel positions (for local operation only, Fig. 19). The throughput-rate

switches (Fig. 21) shouli also be set. With the power off, the last-

channel switches (Fig. 20) should be set and the 98032A interface card

plugged into the 9345 computer.

The actual test may now be started by latching the AUTOST key on the

computer In the down nostion and turning it on (with the master cartridge

in tape drive TI5 and a data tape in T14). If the AUTOST key is not used,

the instruction GET "DATACO:T15" followed by pressing the EKECUTE key will

load the data acquisition program. When the program -Ls been loaded,

pressing the RUN key will begin the program. The same sequence can be used

with GET "REAr)-2:T15" to load and run the read program.

Calibration procedures

To ensure that accurate force and speed readings are being obtained,

several levels of system calibration must be regularly performed. These
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range from the readings which zero out the weight of each test tire and

measure their rolling circumference to a whole system calibration which

determines the accuracy of the shunt resistors and the fifth-wheel measure-

ments. Calibration of the data acquisition equipment itself is covered by

the appropriate manufacturer's manual.

In-field or pretest calibration is essentially a self-directed process

performed by the Calibration subprogram. The program collects zero and

shunt resistance values for the vertical force channels with the front of

the velicle elevate]. Upon being lowered the vehicle is rocked back and

forth by switching the gearshift between forward and reverse. It is then

allowed to roll to a stop (with the transmission in neutral) and zero and

shunt resistance readings are taken for the longitudinal and side force

channels; zero readings are also taken for the velocity channels. The

rocking procedure is performed to remove any "unnatural" forces developed

when the tires were lowereJ back onto the pavement following vertical force

channel sampling. The velocity channels are scaled by driving at a con-

stant speed of 10 mph while .ata sampling occurs on those channels.

1iring the program-lirected calibration procedure, the Ariver readout

unit may be adjusted if necessary. When elevated (vertical channels zero)

and after rolling back and forth (longitudinal, side and velocity channels

zero), the zero-adjust resistors on the driver readoit amplifier can be

adjusted to yield a zero reading on the DPMs. Likewise, when shunt

resistance is substituted into the bridge, the gain resistor of the

amplifier may be adjusted to display the shunt resistance load values on

the DPMs. The velocity channel resistors can he adjusted during the 10-Mph

run.

The driver readout unit can also be adjusted by switching the Series

300 to local operating mode and manually switching the shunt resistors in

and out (switch K102, Fig. 19). (The zero for vertical channels still

requires jacking the front of the vehicle off the ground.)

The subprogram finally calculates scaling factors and stores these and

the zero readings in a file that begins with a C and includes the date and

tire code. As previously mentioned, a new calibration file should be

collected each time the front tires are changed (to zero out the weight of

the tire), the inflation pressure of the shock absorbers is changed, or the

system is turned on.
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The whole system should be calibrated periodically (approximately

every 100 hours of use) or whenever concerns about the validity of the data

arise. Two forms of whole system calibration will be discussed; the first

is perhaps better identified as a system adjustment.

The system adjustment is performed to obtain maximum sensitivity from

the instrumentation. The Series 400 returns digital values (counts) in the

range from -2048 to +2047. The system adjustment zeros and scales the

incoming signals so that the expected range of these signals is spread over

the largest portion of the numbers from -2048 to +2047 but does not fall

outside them.

Lines 3730 - 3790 of DATACO are included in the Calibration subprogram

as comment statements (non-executed). By removing the leading exclamation

point from each of these lines, running of the subprogram will generate a

hard copy of the digital zero values. Also output is the shunt

(calibration) value and the scale factor, which represents the number of

pounds (or miles per hour) per digital count. Ideally channels I and 5

(vertical force) should have zero values near -2048 (or well into the

negative numbers), since the vertical force varies between zero and

approximately 2000 pounds (it does not go negative). The longitudinal and

side forces are both two-directional forces, yielding positive and negative

values. The side forces are symmetric, and thus the zero load reading

should yield a digital count near zero. Longitudinal forces are not

symmetric; generally force magnitudes in traction (positive) can range up

to twice as much as resistance (negative) forces. Thus, the zero load

count for longitudinal forces should be about -700. Zero load count values

can be adjusted with resistor R7 on the strain-gage mode card (Fig. 18).

Rereading the digital counts after adjusting the resistor is then accom-

plished by rerunning the Calibration subprogram.

Scaling the load-cell channels can only be done in integer multiples

by changing the gain code (line 2350 of DATACO) in the Series 400. This

jincreases or decreases the sensitivity with which the Series 400 reads the

input data, as shown in Table 2. (Caution: whenever the gain code in

subprogram Calibration is changed (line 23501, it must also be changed in

Scan [line 16301 to acquire meaningful data.)

The velocity channels have no voltage output when the vehicle is at

rest. Thus, the Series 400 returns a digital count near zero for the zero

velocity value. Once scaling (gain) is set for the load-cell channels, the
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velocity Aigttal count can be checked for a speed of 10 mph from the matrix

output of the shunt values for channels 4, 8, 10 and II. The digital count

for 10 mph can he adjusted with the knurled variable resistors (to! row) on

the front of the velocity signal conditioner. Since zero speed gives a

count of zero, the maxinum speed expected should be set equal to a count of

2 047. The count which should be output from the calibration procedure

(10 mph) can be found by multiplying the ratio of calibration speed to

inaximun -xpectel speed by 2047.

Ilie second form of whole system calibration is quite involved and

should be performed annually. The procedure involves checking the accuracy

of the shunt resistors and the fifth-wheel assembly. Since no variable

scaling can be performed on the load-cell channels, the accuracy of the

system depends entirely on the accuracy of the shunt resistance substitu-

tion. Table I lists the current values of the precision shunt resistors.

This whole system calibration checks the accura-v of these values and

changes them if necessary. The reason for including the fifth-wheel in the

calihration is that it is used to scale all the other velocity channels.

(The lO-inph speed maintainei durinv subprogram Calibration is based on the

f th-wheel readout.)

Calibration of the fifth-wheel assenhly involves operating it over an

accurately measured course of at least one mile. The vehicle should he

carefully aligned at the beginning and end course narkers and the accumu-

lated nulse counts read from the driver readoet unit. Dividing the counts

by 25 yields the distance in feet. If the measurel and true distances vary

by less than 0.2%, the fifth-wheel tire pressure can be varied to bring the

two into agreement. Errors greater than 0.2T should he corrected by the

manufacturer. The fifth-wheel speed is automatically calibrated when

distance is calibrated, siace a crystal clock is used for obtaining

velocity.

To check the shunt resistor values, a special wheel has been con-

structed for calibrating the longitudinal and side forces (Pig. 29). When

.3the calibration wheel is being used, the axle housing should be supported

by a stable Jack stand placed only slightly outside the centerline of the

vehicle (toward the side with the calibration wheel). This allows the

suspension system to be as uninhibited by the lack stand as possible. By

pulling on the calibration wheel chain with an accurate load cell inserted

in the force train, a known load can he applied along the longitudinal or
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Figure 29. Shunt-resistor calibration

wheel.

ci

side directions. Care should be taken to ensure that the direction of pull

is directly along the longitudinal or side axes. If the external load-cell

reading differs from the value read out by the subprogram Raviata of

DATACO, then the value of the shunt resistor for the channel needs to be,

changed (lines 3460 - 3560 of subprogram Calibration).

If there is a disparity between the load applied to the wheel a~b

I

force value output by the CIV system, a check should be made to see hat

the external force is being applied exactly along the longitdinal. oi- side

axes. If a difference in values still exists, the shunt resistor vaue

must be changed. This is accomplished by monitoring the output from the

bridge through the upper set of jacks on the strain-gage mode card (Fig.

18). A voltmeter with I-vV accuracy should be used to obtain 1-lb accu-

racy. With the Series 300 switched to local control, 102 activated (shunt
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resistor in britqe), an, no forces acting on the calibration wheel, the

brdg e output can he read with the precision voltmeter. With switch K102

then set for normal operation, the force on the calibration wheel should be

increase-I until the same bridge output is read on the voltmeter. The

external load-cell output will then indicate the true value of the shunt

resistor. This sequence can be repeated for the longitilinal and side

channels.

A similar sequence, using a flat load cell, can be performed for cali-

brating the vertical force channels. In this case the vehicle retains its

nornal front wheels ani tires. To ensure loading along the vertical axis,

it is best if the external load cell is placed in a recess that allows the

vehicle to drive directly onto it. If the external load-cell reading

differs from that registered by the triaxial load cell, the vertical

channel. shunt resistor values must he corrected. 4gain, with no load on

the vertical channels (tires elevated), the shunt resistor is placed in the

bridge and the bridge output is read with a precision voltmeter. Returning

to normal operation, the vehicle Is rolled back over the external load

cell. The axle must now be tied to the floor in such a way that additional

vertical force can he applied to the wheel.

While the bridge output is monitored with the precision voltmeter, the

vertical load is Increased with a take-up device until the shunt resistance

voltage appears across the bridge. At this point the reading on the

external load cell represents the new value of the shunt resistor.

Evaluating the torque cell shunt resistor involves the same basic

procedure as outlined for the triaxial load cells. However, an accurate

external torque measuring device must be used on the rear propellor shaft

to read the torque when the bridge output is equal to the shunt resistance

value.

The procedures for re-evaluating the shunt resistance values must be
performed carefully. The accuracy of the external load and torque measur-

0ing devices should be within 1% or less. (The triaxial load cells have an

accuracy of better then 1%.) Alignment when applying external forces must

be as exact as possible. everal repetitions of each step are also recom-

mended; significant differences in repetition results should be scruti-

nized.

For ultimate accuracy the shunt resistor calibration sequence should

be performed on an air-bearing plate. These devices, however, are not in

41



a. Axle grease recess location.

b. Grease gun.

Figure 30. Lubrication of the axle shaft.
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great abundance and tske a significant amount of time to learn-o use.

Three-jimensional air-bearing plates are nonexistent, although development

is in the process. A two-dimensional plate can he used, though, but care

must be taken to ensure that no load is being imparted in the third

direction.

Maintenance

In addition to normal vehicular !nafntenance, which should be followed

closely, the CIV requires special attention in certain areas. Since the

vehicle spends a lot of time with the engine running but without accumu-

lating many miles, the carburetor should be cleaned regularly. Periodi-

cally the vehicle should be lriven for several miles at normal highway

speeds to ensure lubrication of the ,rive train.

Of primary importance is the lubrication (greasing) of the axle shaft

where it passes through the load cell. A grease recess has been machined

into the steering universal joint in the niece that extends through the

load cell (Fig. 30a). This recess can be accessed by turning the wheels

their full amount and rotating the universal until the recess comes into

view. A special grease-gun tip is necessary for lubrication (Fig. 30b).

These shafts must be greased no less than following each full day of

operation. All cable connections located under the vehicle should be

regularly checked for corrosion and snugness of fit.

The tape drives of the minicomputer require frequent cleaning (every 8

hours of use) with the cleaning solution supplied by the manufacturer and a

cotton tip applicator. Also, the air filters located on the underside of

the computer, near the front, should be removed and cleaned periodically.

CONCLUSION

The CIV has been used by CRREL for gathering mobility data during the

past two winters. Aside from the obvious interest in the interaction of

the three mitually perpendicular forces at the tire contact path, several

areas of mobility research have received emphasis. Most attention has been

3 devoted to tire traction, with several techniques being used to generate

traction data for many varied tire types on ice, snow and thawing soils.

Numerous evaluation schemes have been applied to the data and relative

performance levels compared. Along with this, operator dependence on

traction test output is being studied.
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Resistance tests have been used to compare various tire types on

several cold regions materials, including low temperature, clear pavement.

Using a single tire type, resistance tests have also been used to compare

the resistance to motion offered by varieties of cold regions materials.

These values have formed the beginning of a cold regions materials mobility

data bank.

AIthough the CIV is regularly undergoing modifications, the bulk of

the information contained in this report will remain unchanged. Antici-

pated changes inclLde the adlition of an automatic throttle-control device

and the replacement of the fifth wheel with a ralar speed-and-distance

metering device. Additionally, a random-access mass storage device will

probably be added to the data acquisition equipment to increase storage

capacity and 1/0 speed. Changes to the software will undoubtedly take

place on a regular basis, primarily in the data analysis sections. Any

changes in the data acquisition portions of the program will be directed at

improving the speed and efficiency of data sampling.

I
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APPENDIX A: OPFRATING MANUALS

Advanced Programming ROM Manual. Hewlett Packard Co., Part No.
09845-92065, Feb. 1980, 101 p.

BASIC Language Interfacing Concepts. Hewlett Packard Co., Part No.

09.35-90600, Sept. 1979, 189 n.

Data Book USFS 3296 System. Nevada Automotive Test Center Project No.

20-17-70, June 1978.

Graphics ROM Manual. Hewlett Packard Co., Part No. 09845-91050, May 1979,

203 '.

1/0 ROM 11anual. Hewlett Packard Co., Part No. 09845-92060, Aug. 1980,

192 n.

Mass Storage ROM Manual. Hewlett Packard Co. , Part No. 09845-92070, Feb.

1980, 132 p.

98032k 16-Bit Interface Installation and Service ?lanual. Hewlett Packard

Co., Part No. 98032-90000, May 1979, 47 p.

98035A Real Time Clock Installation and Operation Manual. Hewlett Packard

Co., Part No. 98035-90000, Feb. 1979, 73 p.

System 620, Series 300 Operation and Maintenance Manual. Neff Instrument

Corp., Publication No. 620953, Sept. 1980, 57 p.

System 620, Series 400 Operation ani Maintenance Manual. Neff Instrument

j CorD., Publication No. 620954, Nov. 1978, 149 p.

System 620 to H-P 9825, Interface Cable Connection Manual. Neff Instrument

Corp., Publication No. 620079, Apr. 1979, 8 p.

System 45 Operating and Programming Manual. Hewlett Packard Co., Part No.

09845-92000, Feb. 1980, 302 p.
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APPENDIX B: SCHEMATIC AND WIRING DIAGRAMS

The diagrams and schemtics that follow are meant, when used with the

manufacturer's manuals, to provide complete electronic coverage of the

CIV. Most of the figures are referenced in the text; however, so'ie which

are not are incluied here for completeness. Pin assignments, connector

labels and wiring color codes are also Incluied where appropriate.

vertical Ou t Low H

NEFF E-GE 60

Series 300 Longitudinal OtLow --{ . Sih L oa e

Side Out Low--M{O ut High k*-L L

Figure 91. Wiring convention to and from the triaxial load
cells. Color code: Ex+, red; Ex-, black; Out Low, white;
Out High, green; Sh, stranded wire.
*The left-side load cell is depicted here; the right-side
load cell is the same except that it has Exr- on pin B and
Ex+ on pin A.

j5,J6

velocity Signal [~1RdLo SAEF
IC!Fi roi ty Stick

Conitin B i. _U4*'B (left and right)

________________________Electra__ Drveshaf I
3 ~Velocity Signal I~l I~ ecu

Figure R2. Wiring convention to and from the pulse
pickups. Color code f or 35, J6 and J8: A, red; B,
stranded wire; C, black.
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N ET u L I° Lebow 228
Outie 300 h Lo Torque C ll

E, Sh - - - T  

I CS h !

Figure R3. Wiring convention to and from the torque cell.

Color code: Ex-+, white; Ex-, green; Out Low, black; Out
High, red; Sh, stranded wire.

EB Labeco Pulse

Connectr A T I
Rear Bumper

C + 'W eston J2
LG )Tchometer

_DGenerator

J4

Velocitv Signo l I
Condit oner ,-I E

C 2Connector A
Rear Bumper

J7

velocitySignal,. G
ConditSoner wt

Fu onc to 30 A 2 C o elcoConnecor 8_2Electr ic Winch

FeRear BumperBp 3

44

Uosh-mounted

Switch

+12Vdc at
Fuse Block 2 ---

30-A oConnector B
1Fuse (3 [Rear Bumper

4

Figure B4. Wiring convention to and from the fifth-wheel

assembly. Color code for connector A: A, white; B, green;

C, red (large); D, stranded wire; E, black (small); F, red
(small); G, black (large).

Color code for J4: A, red; B, black; C, white; D, stranded
wire; E, green.

Color code for J7: A, red; B, stranded wire; C, black.
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Connector tab
numb.. ing

I IB
2 68
3 IA

Input 4SA BA

03 w ires 6 A 2

7 4BD

Signsl r h 2
out Low 4A

I 7B6
2 12B8
3 7A

Input 4 12A
wires B 12

02 6 a
7 108
8 98

Sh 118

ot High 9A

wires B 158

Sh 17B

Sina Sh ISA
Signa High 16A

ut Low 17A

2 25B Jumper from S
320A Empty
424A Nag. excitation'

5 25A Pas. excitation
Input B 218 Empty

00 Wires 7 2383 Low signal

8 22 High signal

Sh 28Cable shield'
Sinl Sh 2ACable shield

Signa High 2ARed

LOt Low 23Black

t
Channel

.3 'Jumper pin 4 to cable shield in

Figure 85. Input and output wiring to the Series

300 card edge connector.
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Inputs Connector tab

channel numbering
no.

High 1 -

15,

Low A -

Sh 2A

High 3A
14 Low 28

Sh 3
High 48

13 Low 4A
Sh 5A

High 6A
42 Low 58

Sh 6B
High 78

11 Low ?A
Sh 8A

0 High 9A
10 Low 8

Sh 90
09 f High l0B

o09 LOw A
Sh 1A

High 12A
08 Low 118

ISh 128
High 148

07 Low 14A
t Sh 15A

6 High 16A
Low 158
Sh 168

0 High 178
05 Low 17A

Sh 18A
High 19A

04 Low 188
Sh 198

High 208
03 Low 20A

Sh 21A
High 22A

02 Low 218
Sh 228

High 230
01 Low 23A

Sh 24A
High 2SA Red

138
13A From Series 300

00 J
Low 4 Black

Sh 25 Cable shield

Figure B7. Input wiring to the Series 400
card edge connector.

I
J3

Velocity Signal C I I Lobeco D 1.1Conditioner E £ Speed Indicator

0 0

Figure 8. Input wiring to the fifth-wheel readout.
Color code: A, red; B, black, C, white; D, stranded wire;
E, green.
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.12 S9

VelocitV Signal0

Lonitine PuC Puls RFh us

AiueB.Iptwrn t h us ones

3 *inALeft PulPMIPus

L TC P o Ground

S4 S Decimal A Leftt PM

Sell.V lo it SignDiitlalo n

2Conditownr

G

Figure B10. Input wiring to the digital panel meters.
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Figure BI. Vlctrswtc wri_
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L O .2 155 _
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Connector Tab or Connector

Barrier Terminal Number Tab Number

19 18 ChS

13 28 7

15 38 6

61 17 48 5

(Output 1 9 58 4

3 68 3

5 78 2

7 Be 1

Us (400) 98 High IChS
14A (400) 108 LowJ

r9A 1718 High
1OA 128 Low IC

Series 300 16A 138 High j1Ch 6
Card 01 17A 148 LowJ

Jumpers from ] 5 ih'.Ch S
Series 300 and I23A 168 LowJ

Series 400

Input Wires 208(400) 178 High Chi4
(input) 20A (400) 188 Low

10A 208 Low C3

Series 300 f19A 2198 High)
Card 00 1 7A 228 Low ChJ

22A 28High Ch 11
123A 28Low

81 4.6.8. 10.,14. 16. 18.20 28Common

vigure B13. Input and output wiring to the
driver readout differential amplifier.

Lefht Whee

NEFF S.. Condititoner
Series 400 (1.h

Rear Propeller LO

Fifth WheelLO

+l2Vdc 01 A
Starter Relay I L

Fromit Ground E

Figure 8114. Wiring diagram for additional cables.
Color code: High, red; Low, black; Sh, stranded wire.
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APPENDIX C: COMPUTER PROGRAMS.

Tle two computer programs used with the CIV system, DATACO and READ-2,

are listed in full in the following pages. An explanation of the coding

(beyond that given in the main text) will not be included here. The

appropriate manuals (Appendix A) ani the program documentation should

provide the user with an adequate programming explanation.

FILE NIAME: DAT ACQ:T15 DATE : 0':17":13:41

10 DATACO. DATA ACOIS ITION PPOGPA M FOP MA I 0,.; 1

;.0 INSTRUMENTED TEST VENICLE.

30 WRITTEN By G BLAISDELL

40 JANUARY 1931

50

,0

)O pMALS STOPAGE 13 ":T14"

100i OPTION BA':E I

110 A3 ,11-65
I11 DIM Lt 1 S,41It41]

.M , SEL .: 1t50]TS514'I O ,Dt I 1400' 
2
'1,D'1 ,Tc$GS.SNCPT D .. 4.14 3'°

14. ', D 1400,11 '1D1'' .D 140'm NTEGEP L,F 1 :

140 Rep -'=-3

150 GOTO 170
I .'O RE l: M Dt II 14kOO MtI IlI 1 400,,D .,1400,-,. 1 1400. 1 1 , i ...4.1400-'

110 ENABLE

I ,? PPINTEP IS 16
>0 CAT TO L'StV('.e.9

.O0 IF 2=0 THEN GOTO 350

'0 PPINT LINK20)
PR IT ZHPs(133" *-** TAPE CR ITIZGE T14 IS PULL **'"

Z"I PPINT CHPS27 "E"
PN40 T L114' ,." PEMOVE FULL DATA CRRTP:D,;E FPOM T14 AND !4.EPT ,IEtATA

APTP I D-.E.

: 1P!, LIN, I *, IF CARTRIDE HAS BEEN ,J-ED EFORE A LEAL', .,1iTA j-1 F..I

E , '
Z Is) r R:NT L IIH'' DO NOT FE-INITIALITZE,. IF TAPE HA. NOT BEEN li-El IEFOP
E OP "

PRINT LINI' I , CONTAINS USELESS INFOPMATION I
T 

NEEDS TO 1;E IN:TILU:ED"
_0 PPINT LIN.I', TYPE I FOP IiITIALXZATION. 0 TO JUST ,OtITNIE WITH

P uo;AM"
z '-0 14 ,j T P

3e0 IF P I THEN GOTO 350

:0 INITIALIZE ":T14-
20 PPINT LIN'2TCHP$'I))';" ., TAPE IS BEING IITILIZED

43 PRINT CHP $27,&"E "

340 FIag3
.0 IF R Oly' THEN GOTO 4013

"-Z.) ? )rJT "DO 'OU WANT TO PUH CALISPATION k) ,P A TEST I ",P

3 C 7 IF P-I THEN ;OTO 400

*SC -ALL C a) i brat ior,
>0) IF F1 a,3-I THEN GOTO 210I 400 FPINT LlN(20)

41) INPUT "IS DOCUMENTA, DATA ':AME AS PPE.'I3U'5 TEST , OP t,".Ppl$

420 IF PpIS. "Y" THEN GOTO 500

431A F.S-TSt2" I.4]"CNP$' AzciI'-

44tt ON ERPOR GOTO 460

45 ) GOTO 470
4,) INPUT ENTER PREVIOUS TEST FILE NAME 5 DIGITS *.F

1
S

4NJ AS-,I;N 06 TO F'S

Copy availablp to D71C dou n; t
permhi fllr legible reproduction
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O'3 'FF ERROR

13 OUTPUT "A"
I5Zk1 flUTPi'T 3; "

15 0 ENTER );T$S'4>

550 INPUT -ENTER NEW FILE NAMIE 'MIAX 53 CNAR,4 DIGIT MONTH ~.DA) LETTER FOP

TEST N.',82
570 INPUT "ENTER TIRE INFLATION PRESSURE".TS,6'
.;So TI,91*Tc8
5910 INPUT "ENTER TEST T-ePE"-,TE(7)
'$00) TS'44)iGS
-S 10 IF FplSs'fl' THEN COTO 1010

'$20 LliFPUT "ENTER TEST LOCATION".LocS
'$30Q It4PuT "AMBIENT TEMPODEG C,",T5'3'
-;$40 PRINT LIH,3:-'"SNOw- I"
'$50 PRINT "ICE - 2"
6$60 PRINiT 'THAWING SOIL -3"

-;70 PRINT "HARD) SURF4ACE-4"Lk'
'$30 ON ERROR GOTO 720
'$30 INPIJT "SURFACE MATERIAL TYPE CODE".3
"003 PRINT LIN'125'
"11) ON I1 COTO 740,810.880,450
-Z'j PRINT ERRMS
7r11o :UTO 640
"40 TS' 3 ''SNOW"
750 LINRUT 'SNOW TY.PE"1,TS.' r
7'$:'k INPUT "NOMINAL SNOW DEPTHC-M)",T5' 10'

-7. INPUT "NOMINAL SNOW DENSITY.'. 'C ",TSI 2
7: - INtPUJT "NOM INAL SNOW TEMP -DEC C) " .1TS 1 1

I 0 1NPUT "SOLAR I NPU T ";OF AREA OR p~ I N PIV 'T S 1 3

io :01 0 isiOsat

3'O TI'3-"ICE"
3z1 L INtPU T "SURFACE UNDERLY ING I C E" Ts

:0 INPUT "ICE TNICKNESSCM),TS(10'
340~ INPUT "ICE TEMP'DEG C:'".TS'.11-
31 INPUT ":SOLAR INPUT ( OF AREA OR 3k*, IN SUN'", T S 13'

36.0 T-12'-"0"
37 COTO 1018

? LINPUT "SOIL TCRE",TI,' ?
20ki INiPT "DEPTH OF THAWED LAYER'CM',T5 10'

? 0 INPUT "'THICk-NESS OF FROZEN LAY EP(Cm)",TsI 12

I.0 INPUT "'TEMP OF THAWED LAYEP(CM '".15'11,

1 INPU.T "SOLAR INPUT O F AREA OP SK'Y 11ti T1" TI'

70 TISa "HARD SURFACE"

?01:4 LINiPUT "SURFACE MATERIAL".TS,9
O7 INPUT "SuRFACE TEMPC DEG C )'".TSI I1'

4?) 14INPT "SOLAR INPUT - OF AREA OR SKY IN SUN TS-5 13
?90 TSl.'
1000 TS.I0)."1NA"
1010
1020 PRINTER 1S 0
1030 PRINT LIN(1',TI"2',
10,40 PRINITER IS 26
1050 IMAGE 8, 1.
1060o PRINT UStw INC105

10 PRINT LIN' 1)"FILE NAME: ";TS'2'
1080 PRINT LIN' i.,"LOCATION: " ILOCS

109 0 PRINT LIN I ',"AMDIENT TEMP: ":Z ."DEG C"
1100 PRINT LINWI."-DATE AND TIME: ";TI'4.

1110 PRINT LENkd 'TIRE CODE: ";TScS,
31120 PRINT LIN'l"."TIRE INFLATION PRESS: "1;T16'"pt
41130 PRINT LINkt1,"TEST TYPE: ";TI(7)

11403 PRINHT LIN(CI'"CALIBRATION FILE NAME: ";TSU14'
1150 PRINT LIN' 3',"TEST MATERIAL: ";TI'8)
1160 PRINT LIN'1 ."TYPE(OR UNDERLYING SURFACE,-: ";TS,9'

1170 PRINT LIN'lI ,"DEPTH OR THICKNESS:. ".18' 1e':" CM"

LSO PRINT LINI',"MATEPRL TEMP: "; TIC II 'F DEGC0" .UZN'1
1130 IF TI'6'-"SNOW" THEN PRINT "SNOW DENSITYe: "T'2"C( 200 IF TS 8's"TNAWINGSOIL" TH4EN PRINT -FROZEN LAYER THICV: "Tts 12': CF1"
11IO PRIMIT LIN'1),"SOLRR INPUT 'CLOUD COVER. SHADEA ";T8sl31;.,.

1220O LINPUT "DO YOU WISH TO CHANGE DOCUMENTARY DATA 'VOR N'l" RFS
1.-30 IF Rpt$a"Y- THEN GOTO 506

1240 PRINT LIH(5'."REMARKS:"
1258 PRINTER IS 16
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1260 CALL Scan
1270 REDIM DtS'L',DItA4,,MIIIILJ DL,11' D'r,.L'
1:30 PRINT CHRS(27,.E"
t2~. FlaguC

1 0u PRINTER IS 16

1 'C PRINT LIN20-. "NUMBER OF LAMPLES TAKEN '"L-1
1 0 PRINT STOPE DATA - I"
1,10 PRINT VIEW PAW DATA -
I'40 PRINT TO PLOT DATA -
1150 PRINT STOP PPOGPM - 4"

PRINT PUN ANOTHER TEST WITH SAME TIPE - 5"
1!7'; PRINT " ALIBPRATION PROGPAM 'NEW TIPE, -A

13.0 PRINT FIND AVE. MOTION RESIST. VALUES 7"
1f9 PRINT FIND TRACTION VALUE -
1400 PRINfT CALCULATE SLIP ENERGY -

14LO PRINT LINI.5'
14:_0 INPUT "WHICH ROUTINE DO YOU WISH ,T, PE IN NUMBER CODE
14':0 IF PepiI THEN CALL Store
1440 IF Reply-4 THEN GOTO 1580
1450 IF ReplaS5 THEN GOTO 160
146&Z IF Replyu THEN CALL Cilibration
1470 IF FlagisI THEN GOTO 210
1430 IF Rq'epl' .', AND 'ReP!' 5' AND .Ipl'.. 7' AND R,''. 4' AND .P*F
THEN GOTO I00

140 FlaFl ag*I
i00 IF FI ag I THEN OTO 1520
1910 CALL Conert
15 ' IF Ppl".2 THEN CALL Pa'4d' a
115.0 IF Repl"-3 THEN CALL PIots
1940 IF epl"T7 THEN CALL Aerage
150 IF FPCl,,-8 THEN CALL Traction
15t0 IF Rpl-'9 THEN CALL Slip energy
1570 GOTO 180)
1580 END

1590 SUE Scan
1600 OVERLAP
1610 OPTION BASE I
1620 CON LOC5S502,TS(14N30JD0S1',D?.1'.TCS.GS,SHORT Div'',Ml

1
i'D'

,
'
'

-t'.,.INTEGER L,Flag3

1630 Gair'10
1631 TI100
16.32 GOTO 1650
1640 INPUT "CAN4 INTER'VAL IN MILLISECONDS ' MINIMUM 15.- =66 SAMPLE: FEc 3ECK't4

1650 N11
1660 CONTROL MASK 6:0
1670 CARD ENABLE 6
1680 OUTPUT 6 WHS USING "eW";15
1630 OUTPUT W:A"
1710 OUTPUT 9;"U1.O1,'J2a12"
:710 L-0
1720 PRIN,4T LIN'50'.:HRS'133';" .. TO STOF DATA ACOUIIITI'T CPESS

E, KO *.e.
1730 ON KEY 03.15 ;OTO 1960
1740 ON INT U9.8 GOSUB Sample
1750 CONTROL MASI 9:120
1760 OUTPUT 9;"B UIP',T

1770 CARD ENABLE 9
17S0 CONTROL MASK 6;1

17- 8 CARS) ENABLE 6
i300 OUTPUT 6 WNS USING "6,W";-32768.GanZ'48
1810 CONTROL MASK 6:33
1820 CARD ENABLE 6
1930 PRINT LIN(S)

1840 INPUT TO STAPT DATA ACQUIS;ITIOt FPESS CONT
",Cont

1850 OUTPUT '9;"UID 29

196a OUTPUT 9;"UIG.U2G"
179 OUTPUT 9;"U2V"

18S0 ENTER ';Begint'me
4 15e REM

1900 GOTO 1090
1310 Sample: CARD ENABLE 9
1920 L;L*I

1930 IF L 1398 THEN GOTO 1960

1'40 ENTER 6 NDMA N NOFORMAT;D,SL,
1350 RETURN

1960 OUTPUT 9;"U2V"

1970 ENTER 9;Endtite
1980 PRINT CHRS(27,''E"
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1'?n0 PPINT LIN(50'.TABI6,,CHRT, 132VDATA AC''UI -lIT.I :OMFLETED,
-00 DISABLE

010 PEDLM DtSLMtl,.'LDst,:.L.,,DLlI.
:oZ.O ;cit I (a* - Endt reI-Be.; I nt , 4- ,i L
:O .0 Mili I £ Scant imt
7040 FOP 1-2 TO L

.050 M Ill I )m It II -I + Sc att It

"060 NE: T I
2070 WAIT 3000
2680 PRI14T CHRSt2?:;*E'l
2090 SERIAL
£100 SUBEND

2:110 SUB Store
2120 OPTION BASE I
:12.0 COM LocSt503,TI4't-30],Dt3'-',Dt,'il.Tc,GSHNORT D-'.'-,Milli.'-.D-',Di
it-*,INTEGER L,Fl g3
2140 ON ERROR GOTO 2200

2150 P,,rt ,I.3., INT. L*4. ( L L* '.2.:56Z5 I iTL-24,L,2. 65536 ,5
2160 CREATE T$2',Phvrec
2170 ASSIGN 64 TO T$,2,
:130 PRINT U4;LocITS'*,,D'$ ,Mtll'.
-1?6 GOTO Z250

-200 IF ERRN< '54 THEN GOTO 2240
:Z21k DI SP TAB, 10 ,CHPI 1'.."I FILE HAS ALREADY BEEN jTOPED -"

-2243 WAIT 3500

2.0 GOTO 2250
2240 PRINT ERRMS
2256 S UBEND

SUBPROGRAM CaI tr at I .:lr

-60 SUB Calibration
70 OPTION BASE I
0 flu: ]iM "er(38.,l.Shnt ,11 ','(L1,Z'' 11,.lcaI le1,,Ltstl,37,141)

Z0 COM LCCSt503,T$- 14,$O) t$*,Dtx .Sl ,TCoGS,SHORT D y'.wMtIIA D..D,,
a t *-. INTEGER L.Flag3
Z100 CAT TO LfsS'*,.0.B

1t IF 8-0 THEN GOTO 2330
Z.320 GOTO 3810

4,0 MASS STORAGE IS ":T14"
2340 PRINTER IS 16

'0GainlO0
361 INPUT "ENTER TIRE CODE 'ONE LETTE,".,T.:S

0 PRINT LIN, 20 TO BEGI H:ALI BPT!ON O EOLIENCE ECLIPrIE4T EHIU'LD fE
O) PRINT "TURNED ON OP ALBOUT 15 MINUTES. .,AC FF tT END CLEAR"
S0 PPI4T " OF GROUND. WHEN COMPLETE PFE $ CONT 1I.-E"

'401 INF'JT RI
410 POINT LIN(20,TAB, 1,,CHP 124:".. DATA ACOjI'ITI-:.N IN PROL.PESS
:'420 CONTROL MASK 6:0

2430 CARD ENABLE 6
'44d OUTPUT 6 WHS USING "e,W";15
245, CONTROL MASK 6;i
.4:0 CARD ENABLE 6

2476 FOP I11 TO 30
2480 FOR )-I TO 5 STEP 4
-4.?A OUTPUT 6 WHS USING ".W';Gatni204. (j-I

2'50 ENTER 6 WHS USING IWZtr I,)'
2510 HET J
Z520 NEXT I
25310 CONTROL MASK 6:0
2540 CARD ENABLE 6

2558 OUTPUT 6 WHS USING "'.W":13
:,560 CONTROL MASK 6; 1
Z570 CARD ENABLE 6

2588 FOR 1-1 TO 30

4 2590 FOR J.1 TO 5 STEP 4
2688 OUTPUT 6 WHS USING "U,W";Gatn'2048.J-1'
2610 ENTER 6 WHS USING "6,W";Shnt(IJ'
2620 NEXT J

2630 NEXT I
2640 PRINT CNRSZ7t"E"
60 PRINT LN'28)," LOWER FRONT END TO GROUND AND POLL VEHICLE ALTERNATELY"

2660 PRINT " FORARD AND BACK BY USING THE FORWAPD AND REVERSE GEARS"
2670 PRINT 0 D0 NOT USE ANY BRAKES IN BETWEEN AND ALLOW THE VEHICLE"
Z680 PRINT " TO ROLL TO A STOP 'VEHICLE IN NEUTRALSth WHEEL DOWN-"
2690 PRINT - PRESS CONt WHEN READY"
2708 INPUT RS
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2710 PRINT LlNh20,TAB'I3.CHRU(134,"... DATA ACOUISITION IN PROGRESS *'

2720 *CONTROL MASK 6;0
2730 CARD ENABLE 6
2740 OUTPUT 6 WHS USING ",W"15
2750 CONTROL MASK 6;1
2760 CARD ENABLE 6
770 OUTPUT 6 WHS USING "U,W"1-3276;3.Ga sn204a

2790 CONTROL MASK 6; 33
790 CARD ENABLE 6

2:3 0 FOR 11 TO 30
2810 FOP 3-1 TO 11
8 0 IF J-1 THEN GOTO 2860
,838 IF 3.5 THEN GOTO 2860
S40 ENTER 6 WNS USING "3,W";Zir-IJW
2850 GOTO 2878
2960 ENTER 6 WHS USING "WW";Dum
2970 NEXT J
2830 NE::T I
2990 CONTROL MASK 6;0
'00 CARD ENABLE 6

2318 OUTPUT 6 WHS USING "R,W";13
29Z0 CONTROL MASK 6:1
2938 CARD ENABLE 6
940 OUTPUT 6 WNS USING "#,W";-327E3 Ga'n.2048
2958 CONTROL MASK 6;33
2960 CARD ENABLE 6
2970 FOR I1I TO 30
'S0 FOR 3-1 TO 11
:99 IF J-1 THEN GOT 3020
3e8 IF 1-5 THEN COTO 3030
3010 ENTER 6 WHS USING "WW"Shnt(I,),
320 GOTO 3840
3030 ENTER 6 WHS USING "',W";Durm
3040 NE>'T 1
3050 NEXT I
3060 CONTROL MASK 6;0
3070 CARD ENABLE 6
3080 OUTPUT 6 WHS USING -0,1";15
3090 CONTROL MASK 6:1
3100 CARD ENABLE 6
3110 PRINT CHRS(2?&"E"
3120 PRINT LIN, 20)," FO ':ALIRRATION OF .ELOCITIE. LOWEP 5th WHEEL At'D"
31 0 PRINT DRIVE IN A STRAIGHT LINE ON 1 HA '.IRFRCE AT t0o,"
s140 PRINT " AS READ ON LABECO DD-1.I *. IF ..ELOCITIES READ ON
3150 PRINT "DPM ARE NOT ACCURATE, MAKE POT ADJUSTMENTS BEFORE
3140 PRINT PROCEEDING FURTHER IN PROGRAM. WHEN READ' TO CAL-"
3178 PRINT 

" 
IBRATE (AT lmph AS CLOSE AS POSSIBLE) PRESS CONT"

3180 INPUT R$
3190 PRINT LIN(20),TAB(I3',,CHRS'134,;"*** DATA ACQUISITION IN PROGRES: .*"
3200 FOR II TO 30
3210 FOR 3.4 TO 12 STEP 4
3220 IF -112 THEN J-11
3230 OUTPUT 6 WHS USING "WW;Gain.2849t, -1
3240 ENTER 6 WHS USING "U,W";Shnt<I,3,
3258 NEXT I
3260 NEXT I
3278 PRINT CHRS(27f&"E-
3260 PRINT LIN(20. ' in. VELOCITY PUN FINISHED -- "

3Z90 PRINT LIN(3)," IF YOU FEEL VELOCITY VARIED TOO MUCH DURING PUN AND WISH"
3300 PRINT 

"  
TO DO OVER , INPUT '1'. IF NOT INPUT 0'."

3310 INPUT Rpl
3328 IF Rpl-l THEN GOTO 3110
3330 PRINT LIN(20)
3340 MAT Zt-ZER
3358 MAT St-ZER
3368 FOR 3-I TO 11
3378 FOR 1-5 TO 3
3388 Zt(J).Zt(J).Zer(I,J,
3398 St(3).St(J).ShntKI,J)
3488 NEXT I
3410 NEXT J

3428 FOR 3o1 TO I
3438 Zt(3)SZt(),26
3440 St(J)St(eD/26
3456 NEXT J
3468 Sc&le(1.)f2124/.St(1)-ZtcI))
3478 SC le(2):2001;(St(2)-Zt(2,
3489 Sc l*(3)-1992 (St(3)-Zt 3,

)

3490 ScIle4)m18"(St"4)-Zt'4f)
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3!00 3cit It( 5 -21,94,St 5.-:tS5

:0 Scale'7's2108 -St,7>-Zt' 7'

'5' scajkeI s5'-4113, 8-:'';

" 50 6ca614'10-10 'St- 1O-t 10''

!-@ S.:ilel'l ?'i-'i
A 70 OUTPUT "A

N10 OUTPUT 4R
A0 ENTER ,Ti

36I~ ON)0 ERROR GO.TO 33
i-70 GOT') 3610
,630 IF EP 4THEN G13T0 67

:et PRIN#T ERRMI
'A INPIJT 'PPEi C 014T "0) RESUME"- -rm-.)

o ;Oorj 3690-
7. sFijI 'ENTER 4 DIG)' D'ATE :1314ITH TIA. '.DS

'0 GSs"C'%DS&TcIS
n3 CREATE G5.1

700 ASSIGN 36 TO CS
31C) OFF ERROR

7 '3 PRINT Bt;..t'*'.)C Ia?
'.1 PRINTER IS 0

3-40 PR INT L IN, 4'1,GS
PPINTER I';

-SL MAT PRINT Zt
'0 MAT PRINT it
170 FIAT PRINIT 3Sc &1

7Ll PRINTER :'S I

-LU F Ib.

30 0 SULEND
;UFFROGRA :,r''r

3. tSCon,-qrt
3F0 RIN4T LIN';.'

'"0 D01SP TAB' 10' ,CHFS- 13 'DATA COFI'EP I'ON IN4 FROOPESS"

::, OPTION BASE 1
3373 DIIM : t 1XS c al I

$0 0OM LO oC c 0 s 151 (3) 3' .' T Ot - 11 Q I:1 D) D T .' S D''*'MI . D, .
i , ,INTEG;ER L,FagJ

:S40 PRINTER IS 16
:.310 ASSIGN 07 TO TI'114'
-.910 READ 3;Z-,Scule".'
39ZO FOR I-1 TO L1I

350ENTER DtSklI. USING "W,W:Dt'.*'
35 FOR Kul TO It

?5 0 NEXT BICP(t~: ZK ,,

13 70 NE'XT I
3930 PRINT (HRSk27't"-E"
3990 SUBEND

$ljBPF CIGRAM R k',3 Ia

400 Si1 - UB Pa'wdat !k
4010 OPTION PATE I
4 0 Z '23FO L-.,: V'3,),T8- 14C3IDi-.' It '.T:I.,S, :H'3R > *Mill,~

40k 3 INPUT 'HAR) (OF ' ODP ON (PT 'H OP C''.PpIS
4040 PRINTER IS 14S

)4050 IF PAISaN'" THEN PRINTER 13S 0
4 0C0 IMAGE V.."",'."L"S Ut:,"/ ,7,'"t:,"U,. ).: "?

4-37. IMAGE 6,41), 3
Jl090? IMAGE 0, 3:: , 40D. 3.x
40?3 IMAGE 0, DD.-D. 3:
4100 IMAGE s.2x.DD.D,3.:
4110 IMAGE *,000000.
4120 IMAGE ,0
41383 PRPINT rCHIPS, 7)T
4 4140 PR IN.T USING 4060
4150 PPINT CHRS'2?";"I"

4168 FOR J-t TO U-I
4170 PRINT USING 4120
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4130 FOR ,1 TO S
4190 IF I., THEN GOTO 4230

4.00 IF R-4., OR k18, THEN GOTO 4250

4210 PRINT USING 4070;DUJ,K)
4220 GOTO 4260
4230 PRINT USING 4080:D.J.I.L
4240 GOTO 4260
4250 PRINT USING 4069:DS,K,
4260 E:XT K
4270 PRINT USING 4100;ZDJ.li'
4220 PRINT USING 4110Mi11i(J)

42"? 0 NEAT I

4300 PRINT CHRS',27)"M"
4310 PRINT LIN' 3
4320 SULEND

Ull:~RG'llPANt 'l ''Er" ,"
t

4"20 SUB Aver age
4:40 OPTION BASE 1

4350 DIM A-e .'SA.1.Pr,:rt '8
4 "k) COM Loc SC5 ].T 1 J,.',"1D'tCDt ,.T.:$,HOP T I" ..... N',T DlM I.- DI
.-'* .INTEGER L,Flag3

4270 MAT AvesZER
4380 PRINTER IS 16
4 :' PRINT LIN(28,
4 40 PRINT LIN('20), ' VERTICAL - 1"

4410 PPINT " LONGITUDINAL - 2"
4420 FRINT " SIDE - 3"

4430 PRINT VELOCITY - 4"

4446 PRINT LIN''
44!0 INPUT "CHOOSE CODE FOR CHAtEL TO tE A4"EAGED ".'.t

4460 PRINT LIN,20.
447) PRINT " WHRT PERCENT OF THE D[ATA PlNT- DO OJ WANT AJ.-F7C E .

44 - PRINT LIN,2 ,"ANYTHING LE:,'s. THAN l00'. WILL AIVERA;E THE UPPER APEOLUTE L

,E PERCENT CHOSEN"
44*0 INPUT Prcnt, ,h)
4500) Prcnt.Ch.4'aPrcnttChl)
411.) PRINT LIN(20)." I M WORE Iti "

4520 FOR G.Ch TO Chn4 STEP 4
45:0 FOR H-1 TO -- I

4540 - H,=D,H.,;,
4550 NEXT H
4560 IF Pr cntslO THENt GOTO 466 0
457"0 MAT SORT A
45"0 Sum.2a
4590 FOP P 1 TO L'20
4 60' 1) ' ur.2um2*A P
4-i10 NE.:T P
4620 A', eS-um2 (L 2V
4670 IF A',er 0 THEN GOTO 4630

4640 FOR H2-1 TO L-I
4650 AN2' , AB, D, H2,G
4660 NEXT m2
4670 MAT SORT A
46B0 Su.1=0

46*0 :ountuINT Prcnt Ch, 00.,L-1,
4700 IF Count l THEN Count-1

4716 FOR P-L-Count TO L-1
47-26 SumIa=Suml*Atm "'P'
4730 NEXT P
4740 "q', Gl)Sum 'ICOunt
4750 NE XT G

4766 PRINT LIN'26)
J 47- INPUT " DO Y OU WANT TO CALCULATE AN', OTHER A..'EPAGE e OR N,'' ,O,* I

47.k0 IF 0-,,rS"'" THEN GOTO 430
4-3N INPUT "DO YOU WANT THE OUTPUT ON THE CRT OR A HARD COP' (C OP H,,$
4,300 IF PI- "N" THEN GOTO 4830
4810 PRINTER IS B

4620 ,OTO 4340
4630 PRINTER IS 16
4840 INPUT *DO YOU WANT TO SUPFESS THE HEADING DOCUMENTARY DATA) Dr N.''",Rp

4.359 IF PpS'"Y" THEN GOTO 4930
4969 PRINT LIN(5)
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4 :,0 PRINT USING 5050:L,c
4'Se PRINT USING 5060;"FILE ";TS('2:TS7,;" TE;T'
4- ,. PRINT 'SItNG 5060;"TIRE 'ITi5.;TS 'I" PS1"
4 Ik),i PRINT USING 5073;"MATERIAL: ";TI'S'
4 1,) Pr I T USING 507 ; TI' I I CM THIC INES;"

-:,T0 PRINrT 'J51NG 5060;T$, 12,:" ; cc";' ii : " E.l C *AMBIENT*"
4 ".0 PRINT LIN' 3)
4.4-3 FOR I- TO a
4?50 IF A,,e( I -0 THEN COTO 5090
4 .0 S,.="LEFT "

4370 IF I 4 THEN S.aS="R'IGHT
4".O Unit$-" LBS'
4?90 IF 1•4, OR I-'3 THEN U IUrl'" 'PH"

0 300 IF I-I OR , ' THEN C IS"- 'VEPTICAL"
010 IF IZ.. OR -T THEN Ch$-"LONGITUD INFAL"

5028 IF "13) OR rlI7' THEN ChSa-"SI DE"
503.0 IF d124.

, 
OR I-8, THEti Ch$-."VELOCITT"

1040 PRINT USING 5080, "A'.'ERAGE OF UPPER " Frci t,; ' OF DA TA - ":",1:Ch$: h -

A' I .;Un t£
50 0 IMAGE K
506- IMAGE 2(K',4X.2,K'
5070 IMAGE 3 K
50:.0 IMAGE K,DDD.D.4k ,.Dr)DDD.D.K
5090 NE:'T I
.1i'0 IF PSt"H" THEN 'OTO 5130
5110 PRINT LIN'5'
S1i0 INPUT " PRE 'C 0NT TO PESUME".Durn

511Q SULEIID

5140 SUB "I 'p3 *rer.;,
5150 OPTION BASE I
5160 DIM S1'pmn .L'
5170 CON L-CIC5,T$I14,E303, Dt0t .D'',, ,T.:,.SHPT D.,'). MI,'.,D,'.D'

-t , INrTEGER L,F1 ,g3

T 1..0 FI gZ05. .t 1. .=
%A00 Cn'=0

0ie IF T --"TPRCTION" THEN GOTO 52,30
57O0 PRI NT TAB'10,,.CHPI' 132';*-F FILE INDICATES THIS IS NOT A TPAICTION TEST *.

52 30 PRINT CHR( :23'
1Z40 PRINT LIN, 2 ."DO YOU STILL WANT Al INTEGRATION OF THE LcOiGITIrINAL FOFCE-D
I TANCE CURVE"
50 PRItT TABS,"&, OR N)"

5-:0 INPUT RS
5,70 IF PI. " THEN GOTO 5690

5. 0 INPUT "DO ,OU WANT THE OUTPUT ON THE iRT -C OR A HARD COPY' H--"".Ppl5
'5. a PRINT LIN'2O TAB'30,"I'M WORKING"
;00 PRINT LIN(5

531' IF Rol''"H" THEN GOTO 5340
!320 PRINTER IS 0
,?'0 GOTO 5350
5.140 PRINTER IS 16
S RI0 DNINT LIN,2,

5"60 MAT D'itZER

5'0 Cnt-Cnt.I
5 80 IF Cnt-3 THEN GOTO 5670
5530 IF Cnt-2 THEN GOTO 5470
5400 FOR I1- TO L-I
5410 D'srtl,,IrS's'' 1,1-1,452:30) 3600.aDOI,4>*., 1-1.4'' 2'>',£MllI I''-Mr 7' 1-1

I 181.00)
42?0 DI?"s 2,I 'rS't 2,I-I. 5-"80'1600 .'I.3,r.D.I-.S:-z,, ' ,oMlllI-,17iI 1-1
''',1000'

I4.e NlEXT I

5441 PrNT LIH,'2,"TOTAL LEFT WHEEL DI3TANCE TRAVELED - ":D'st' 1.L-11" FT"

5450 PPINT LIN'I,"TOTAL RIGHT WHEEL DISTANCE TRAVELED - ":D'Lt.L-I.'" FT"
5460 GOTO 5540
5470 MAT DistC-ER
54 0 FOP 1-2 TO L-I
4'' D's' 1.1I'-D's.,,1,I-I '.5230¢ -36.OO ' D(,1 ,11 'I-.I'" ' '-,MvI 71) , -M i ll .I

-I '' lOeO'

5500 D It'2,1 -Dist, I,I
5510 NE' T I

5520 PRI'lT LIN'"TOTAL VEHICLE DISTANCE TRPA.'ELED "iD'' I.L-I '1" FT'
5538 INPUT "PRESS CONT TO RESUME" D.DM
5540 MAT lip en-ZER
5550 FOR 1-2 TO L-I~~5560 Vr pen, I.IC'lpq n' 1,1-I.'D'),I.2, D'I-I,2',' 2.ID'z'. 1.1 '-D's]' 1.1-I',

5570 f1iren'2,I'"lipn,2.-,',I..5'..I-I,. ''

55a0 NExT I

5 !90 IF Cr tC THEN GOTO 5640
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5610 IMAGE . DDDDDD. Do

!-310 PRINT USING 5600; LEFT WHEEL EtEPG',' I NPUT I '"3. pFr" 1,L-I I" CT-LB
i.O PRINT UIJ.NG 5600:"RIGHT WHEEL EtERG'Y INPUT I';-Ipn2,L-l":" T

5630 G.OTO 5660
64,1 PRINT USING 5600; "VEHICLE DISTANCE BASED ENEFG'- LEFT SIDE -lI ., 1,L-

1 ;" FT-LBS'

5650 PRI NT USI NG 5600; VEHICrLE DISTANCE BASED ENEPG'/ R IGHT 'SIDE I pe,, L

-1-;" FT-LBS"
5660 GOTO 5370
5670 PRINTER IS 16
56 03 INPUT "PRESS CONT TO RESUME', Dum
5690 SUBEND

SUBPROGRAM Tr &ct i ,

5700 SUB Traction
5710 OPTION BASE I
5720 COM LOCDiO.TM'D4'31-,DtS'-,,D,' 1I,TtGENOFT Di.'MiIli',D,-tDi

-.',, INTEGER L,Fl&g3
5730 IF T5(7 -"TRACTION" THEN GOTO 5310
-740 PRINT PRAGE,CHRSI3.2."... FILE INDICATES THIS I'S tOT A TPACTION TEST

5750 PRINT CHRS( 1 '
57"0 PRINT LINkI)

'5770 I NPuT "DO ,OU ST ILL WANT A TPA.T ION VALUE F 'f N'''",Pp I
5750 IF RpISl"N" THEN GOTO 6510
57,?0 PRINT PAGE

5S00 PRINT " I M WORKING"

5610 MAT Di'-ZER
5820 FOR II TO L-I

8313 Di' ... . I 4 - " ,1 ) -5

5.50 NEXT I
SSEO FOR I-1 TO L-I

5370 Di's 3,'-D'K,2'
5 30 DiY' 4,K,-D(Kt;6

'5 *.3 %) NE:.T K
5900 MAT SORT Div.1,*,
5910 BigI -Div3.1)
5*':0 FOR J-2 TO L-I
5 ,-0 IF Div3.3,JBi;1 THEN GOTO 5960

5 '50 Markrl-J
5960 NEXT J
5970 Counts,
'S 460 H-0
5390 Low-Di,,(1.Markorl'-44
6000 Hi, h-D I,lMark erl .44
6010 FOR I- TO L-I

6020 IF Di L o'I ORI(P I' ,I Hih' THEN GCTO tl50
603 0 Count -Cour, * I
6040 HH*-Div(3,I)
6050 NE: T I
6 060 Hft-H Count
0.070 MAT SORT D' Z.-

,080 BigZ=Di',4,1,
60?0 FO -2 TO L-1

6100 IF Dtv(4,J)Bt,;2 THEN GOTO 6130
6110 3tgZ-Div(4, J

6120 Ma-k er2-J
6130 NE:XT 3
6140 Coun,0

6150 H-S
6160 Low-Dn,t2,Marker2-44

6170 High-Div(2MarLqr2).44
3 6180 FOR I-I TO L-I

6190 IF (Div'2.I)'Low) OR (Div 21)'High) THEN GOTO 6220
6100 Count Count*I
6210 HNH#Dv(4,I)

6,220 NEXT I
6230 NrightH-Count
6240 PRINT PACE
62=50 INPUT "DO YOU WANT HARD COPY OR CPT OUTPUT 'H OR C ,'".RpIS
6260 IF RpIO$"N" THEN GOTO 6290
6270 PRINTER IS 16
6280 GOTO 6100

652)0 PRINTER IS 0
6300 INPUT "DO 'OU WANT THE HEADING kDOCUENTPRY DATASUPRESSED ', ,R NF'",pS
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6310 IF RpS'"Y" THEN GOTO 6390

6320 PRINT LIN'5,

6330 PRINT USING 6476;LocS

346 PRINT USING 640:"FILE ':T5,1',;T5(C"," TEST"

6"531 PRINT USING 640: S"TIRE ":Ts,'';TS, pi,;' s"
60 PRINT USING 64'9i:"ffiTERIAL: ".TS$'8

6'"0 PRINT USING '4';T3T' 10';" ,M THICKNESS

,0 PRIINT USING 64:l:TS(3 ,;" ,g cc";TSII;" DEC C AMBIENT

-30 PRINT LIW3
,

!40 PRIN4T "TRACTLVE EFFORT -'WITHOUT RESISTANCE ADDED IN,

,;410 PRINT USING 6500;" LEFT SIDE ";Hltf

i42O PRINT USING 6506:" PIGHT SIDE U ";Hr.;ht

6430 PRINT LIN'2)

6440 PRINTER IS 16

'i490 IF Ppl*u"" THEN COTO 40
63460 INPUT "PRESS CONT TO PESUME"Co

;47v IMAGE v"
'4.30 IMAGE 2K K,4X, K%'

'490 IMAGE 3 ,K)

i'00 IMAGE 6'K1

'916 SUIEND

5'6 OPTION EASE I

;540 DIM Y- kbtl$40 
1

5
4b e l

)
4
0

0 COM L1;,:Sf502,i
$

14 [30],DtS-*.D' 1'.T:t.GI'HOPT -,'D'. 1'1M T.: S. G1',

-INTEGER L,Fl;93

970 Fl Z;0

:.'. 1 PLOTTER I"S l1,*;PAPHICS
'

,-?0 PRINTER IS 16
-0 PPIrIT LIN('50

610 P RINT ' ,ERTIAL - I

E-0 PR INT LOIIGITUDIIIAL - 2

O'
3 

PRINT SIDE - 3
.4ao PRI NT VELOCITY - 4"

6 .. PRIhT LON;. V..ERTICAL - 5'

-LE PRINT LIN' 3,'

67- INPUT ,CHOOSE VERTICAL AXIS FORCE CODE .

6686 PRINT LIN( 3

66.36 PRINT DISTANCE - 1"

6700 PRINT TIME - 2"
3716 PRINT " DIV - 3"

6726 PRINT LIN-'3

47 10 INPUT "CHOOSE HORIZONTAL A::IS CODE

i.40 ON i GOTO 6750,6940,6930826,7110
.750 '/ar 1-1

t7C0 Yihb.IS"VEPTICAL FORCE 'LOS)

.677 Vr2-s5
67$0S ",mh I n-0

-3 7'0 ma.-3000
.3'a 0 a lt I -5

6810 1lnt-6
-.820 1,m tkh110

6830 GOTO 7170
66840 '!arI2

8 '3 'lblS"LONGITUDINAL FORCE (LES)

i860 Var2-6
4870 YmI n-200
6880 YmaxsIOOO
639g etic-Z5

i9ee ',lnt=-200

6916 0 S
4928 GOTO 7170
6938 Var 1-3
-040 YlablS"IDE FORCE 'LW'"
.3'56 Vr27

6?6 'it i--40
i70 Ymrx-466
-6990 Yit , 409

'000 rmaj4
7016 GOTO 7170

-028 VarI-4
"0-8 fl b S N-" HEEL SPEED MPH "

'640 Var l
7050 (min89
7050 'ema-30
7070 Ytic.

"
.

.80 'Yint.-
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"090 Yatj 6
7100 GOTO 7170
7110 (hi, n0O
7120 Y- k) a. 3001
7130 ,'* 1.-.05

7140 '% 0

7150 .'I a-Z
-10 ISO , ib.IS "LONGITJDINL ''ERTICAL F .RCE"
-"170 IF :=2 THEN GOT' 75:30
7160 IF -3 THEN GOTO 7660
71 0 PRINT LIN',
7200 INPUT "DISTANCE TRAVELED B' 'EHICLE A OR DI iTANCE TRAVELED ',' IHEEL

.P
210 IF P= THEN GOTO 7341

7220 F I &,; I -F i agII

7230 IF Fiagi I THEN GOTO 745e
7Z.40 l)tif (1.1 -,0

7%50 Dst,.
7260 FOR I=

- 
TO L-I

"2:0 Di st 1. st .,I-1)+5280 3600- D' I,,4 +D' 1-1.4,,' 1 ,r' l (I '-M il, ' I-i

" : 0 Dist' . I D=) t -
= 
. 0 3 . 0 ' D I,.S D,I-1- .? ' -Il . . ' 111 , 1 .- Ml 11 , - -

1000,
7 .0 NE:<T I

P§P IT L1N,.,,"TOT4 L LEFT WHEEL DISTANCE TFA"ELED ':-'iL-i T

"316 PRINT LINI,"TOTAL RIGHT WHEEL D)ITAN'E TI''rELEI- D itt 2.L-1 FT"-3,'0 INPUT "F'PES$ C:JNT TO FRESUME",Dum
733?0 GOTO 7450

7340 FI a;2-Fia;2 1
7250 IF FItg2 1 THEN GOT 7440736.3 Diz-' , I' ,,0

i ~ ~7278 Ds'2. ,I',=0

7360 FOR 1=2 TO L-I

-i,' 1000
7400 Dist 2,1 Di at 1,I-
741,,3 NE::T I
7420 PRINT LIN,5),"TOTAL VEHICLE DISTANCE 'RAVELED = 'In't'lL-.'" CT"

.7430 INPUT "PIESS CoNT TO RESUME".Dum
"440 iF P=0 THEN COTO 7470
7450 "iataeiS"DI'3TANCE TRAVELED B' WHEEL 'FT'
7460 GOTO 7410

"470 :<Ib4ls-"DISTANCE TRAVELED BY VEHICLE F'r,'"
74-J0 "nInro0

'496 :3ma:-Disi.1,L-1'*10
" 00 IF Dist Z,L-1 ' Dist(1,L-1

; 
THEN Nma'sD's''2.L-I.I0

7510 Xi nt O
7520 xmaJa5
7530 Xt.:.2

-540 IF : maxI10 THEN Xt :s4
7550 IF Z.>2I0 THEN ,tiC.8
7560 IF X mi, 800 THEN :':ic.24
7570 GOTO 7930
75a0 labeiS-"TIME ,'ECI"

7590 n 0r n=0
-300 ::tn .-INT, L , 1000 ( M I I I ,-M1 IlI 1 4 ' 1

7 60 :t n'.5

76310 Xmaj-2

,640 IF ' <a,, 16 THEN 'raj4
"650 GOTO 7930
7660 xIab*eli"DIFFEPENTIAL INTERFACE VELOCiTY 'FT. -EC)"
7670 MAT DivaZER
76$0 IF .' 5 THEN GOT0 7730

al 7690 ',,ar I .a I
7700 V 1,r 2-5

-710 Var3-2
J77210 '/r

4
--

7730 FOR 1=1 TO L-I

7740 Di .'1..I,'0I,4,-D"II1'.'5-S0'360'
7750 IF Div,1 ,I)'O THEN Di",,I,'-

7760 D' 2 I). D, I, 9)-DI , I 11l'5280' 3600

7770 IF Di'n2.I'<' THEN Dlvt2,I)'
7790 D v,.3, I )D(I,Vr1')

779e Div(4,I).D(I,V&r2
.700 IF Y>5 THEN GOTO 7830
7816 fl,,"5, I)".(IVar3)

7fl* DI" ,B"I'.sI.Var
'
4)

7830 NEXT I

65



7$40 OTO 7850
7850 Xmvn.0
7860 MA'T SORT Di..

7880 NAT SORT D,',2..1

7.890 IF D'2Ll 5'aaTHEN ADi 2,-*5
7900 Xtic-.5
7910 Xmar&I
7920 IF Xmx'56 THEN Xmaj-20
7930 Xr-ABS(;fnax-::mvn

79?40 (rsADS'Ymoan-Ymih
7958 PRINTER IS 16

7960 GRAPHICS

7970 SCALEXmn.\',;a,.2rni-3rYa.2r
9-13 CLIP Xmin,::max,Ymin, ma;,

'70 AXES tcYi,:it:taana3
3000 LITE TYPE 6

3010 IF v-5 THEN COTO '490
3020 MOVE XKin.D1.Vr I V
3030 IF =I THEN OTO .0P0
£040 IF .,-3 THEN OT0 8130
3010 FOP I! TO L-I

3060 DRAW Mili'kI. 10OO.D(I.Varl)
070 NE.T I

'3090 OTO $180
9040 FOR I-I'TO L-2

3100 DRAW fist1,1+1 ',D'I,'Vrl

3110 NE:,:T I
31'0 COTO 3180

31'6 MAT SOr 91- 1..
•3140 FOR i-2 TO L-1

I50 IF Di- 1'II-0- AND (Di'2. 10, THEN COTO :3j73
3160 DRAW DivI,,D',arI'
3170 NE;-XT I

3130 LINE TYPE I
3130 MOVE <ir, ,.I,V ar2
:3 00 IF -i- THEN GOTO 8260
3210 IF "<-3 THEN OTO 3300

3220 FOP II TO L-1

.3230 DRAWMiII'10,.,ar
3Z40 NE:T I
3250 GOT0 $350
3260 FOP I- TO L-2

270 DRAW Dist ',,2, .- ,D, Var2,
:.t NEXT I
3230 COTO e350
.3300 MAT SORT Di.,
:3310 FOR 1-2 TO L-I

S320 IF D, ''- ,I'0 ' AND Di'2,I 'D21 THEN GO0 3340

*330 DPAW Div2.ID (I,Var2

3340 NEXT I

'3350 IF Ye 4 THEN OTO 3480
3360 LINE TYPE 8

3370 MOVE Xmin,DkI11)

$380 IF X.1 THEN COTO 8440
$390 IF <3 THEN GOTO 8470
9400 FOR I'I TO L-I

:3410 DRAW MlII3'1000,D(I,11'
$420 NEXT I
$4S0 GOTO 8470
8440 FOR Il1 TO L-2

8450 DRAW Dst(2,I.1),DCI,11)

4468 NEXT I
3470 LINE TYPE I

8480 GOTO 0020
8498 MOVE Xmin,DtI,2),D(I,1J
0500 IF X-I THEN GOTO 8560

8518 IF X-3 THEN GOTO 8600

920 FOR eI; TO L-I
$530 DRAW l t1 ,Ie , I, )D , >

$540 NEXT I
$550 COTO 0658

3568 FOR lei TO L-2
,3570 DRAW Dst(,I*1 D(l,2D'I,1'
1588 NEXT I
0590 GOTO 0650
3688 MAT SORT Div(l.,)
0610 FOR 1*2 TO t-I
3620 IF (Div(3,I)O) AND (Divt4,1-a0 THEN COT0 9640

0638 DRAW Dtu'.I.I).Dlv(S.I)/Div3,I)

66

I'__________________________



3646 NEXT I
3650 LINE TYPE I
:3i60 MOVE ×:n,D(1,6-D(1,5)
U6 IF X-1 THEN GOTO 8730
3680 IF X-3 THEN GOTO 8770
$690 FOR I-I TO L-I
3700 DRAW MI:~D.'lO8O.DdI.-tdI.5'
3710 NEXT I
:3720 GOTO 8820
3730 FOR I-I TO L-2
3740 DRAW DtZI.1,.DCI.6,D'I,
3750 NE:T I
8760 GOTO 880
3778 MAT SORT Div(2,*'
3780 FOR 1-2 TO L-1
1790 IF IDI.13,1,1'0 AND 'li,.',4,1 '=0 THEN GOTO 33!0
$800 DRAW Div(2,I,D,,I, Di,,4, I
3810 NEAT I
800 LORG 5
3S30 FOR Jxmin TO "mas STEP Xi ic':x.aj
S%40 MOVE Ji~nt-.05.r,
3S50 LABEL J

t860 NEXT J
3970 FOR JaYmvn TO "'a- STEP ''Y uaj
8eO MOVE Xint-.07-.N-rI
3890 LABEL I
3900 NEXT 3
3910 LORG 4
8920 MOVE Xr 2,Ymin-.2*Yr
8930 LABEL Xlabl$
0940 DEG
8950 LDIR 90
8968 MOVE Xmin-.2eXr.kYma xYmln' 2
8970 LABEL Y1ibelI
3930 LDIR 0
3390 CSI:E 2.9,.444
000 Sp=<mmn .15*Xr
3010 LORG 2
"020 MOVE SpYmax-.0I.Yr
9030 LABEL LocS
3040 MOVE Sp.Ymax-.05.Yr
9050 LABEL "FLNM: ":T8(2.,
20 MOVE SpYma.-.94eYr
)070 LABEL "TIRE: ";TS:5
4080 MOVE Sp,Ymax-.1.3*.'r
3090 LABEL TS(6);" psi"
;100 MOVE Sp,Ymax-. 17Yr
3110 LABEL T$,7);" TEST"
3120 S=S*SP
)130 MOVE Sp,Ymax-.B1*Yr
3140 LORG 8
3150 LABEL "LEFT WHEEL
)160 MOVE Sp,'fm&x-.S*eYr
3170 LINE TYPE 6
91:30 LORG 2
9190 FOR Is.1 TO 1.4 STEP .4
200 DRAW 6.%Xm~n..25.xr.IYma:-.01.Yr
'2I0 NEXT I
9220 MOVE SpYmax-.,5*Yr
4230 LINE TYPE I
3240 LORG 6
9250 LAPEL "RIGHT WHEEL
1266 MOVE SpYmax-.85.Yr
9376 LORG 2
)280 FOR I-. TO 1.4 STEP .4
9290 DRAW 6e(Zm n.25eXr.IYmax-.054Yr
$30 NEXT I
9310 IF Y'-4 THEN GOTO 9418
9320 MOVE Sp,'fmax-.09*Yr
?330 LORG 6
346 LABEL "5th WHEEL

9356 MOVE SpYmax-.89*fr
9360 LINE TYPE 6
9370 LORG 2
9380 FOR I-.1 TO 1.4 STEP .4
?390 DRAW 6*(Xmjr,+.25*Xr)+1,Ymax-.09*Yr
9406 NEXT I
9418 WAIT 500
9426 INPUT "DO YOU WANT A HARD COP'' (Y OR N"".PpIS
3430 IF Rp|I(>"Y" THEN GOTO 9400
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3440 PPINTER IS 0
S:450 IMAGE @,,, . .
.468 PRINT USING 9450
3470 DUMP GRAPHICS

9486 EXIT GRAPHICS
9490 INPUT "DO YOU WANT ANOTHER PLOT WITH THIS FILE 0' OR l'","pl5
3530 IF RpIS"Y" THEN COTO 6580
?510 SUBEND

FILE NAME: PEAD-2:T15 DATE 09:27:08:14
MAIN PROGRAM

10 'READ-2, TO RECOVER TEST DATA FROM
10 TAPE AND MANIPULATE.

WRITTEN BY G BLAISDELL
4i, MARCH 1981

; OPTIONl BA".E I
Q DIM :'' II SC30- 11 .DfS 1460-22],Dv , 11.

Cc O Mi .. cit50),Ts- 14 -f3C)!1,,l ibeIg(50, .blt. S(50),..:H,-PFT LI', 1. 400.tt '.D
4V0 DD 1400. 11 , INTCIZEP L. Mll ,- 1400
110 MAi.; STORAGE IS ":T14"
1120 PRINTER IS 16
1%3 PRINT LINU2S,
140 INPUT "INPUT FILE NAME OF INTEREST ".Ft£
Ile PRINT LIN<3'
11 ASSIGN *I TO FtS
171) READ S1;LocS,TS-*)
IS0 READ *1;L1 0 PERDfiL

1.0O READ *1;DhS'.',Mrll1.,
INPUT "DO ,OU WANT TO 'SEE THE Al:oYILIAP

' 
DATA 1 O- N"",P lI

-Z0 IF RplS" THEN GOTO 310
Z0?v INPUT "HAPD COPY OR CPT <H OF ",Ppi
240 IF PII-"H" THEN GOTO 270
250 PRINTER IS 16
z60 ,;OTO 28e
270 PRINTER IS 0
2S0 CALL Au,-jat a

.0 INPUT 'PRESS CONT TO RESUME",D.m
300 PRINTER IS 16
310 ASIGN 03 TO TS14'
320 READ 0;:', c a I'
3:, PRINT LIN- 30 , -s'' DATA CONVERSION Ill PPOPEZS -- "
341 Convqtrl : REM
350 FOR 1-1 TO L-I
3,60 ENTER DtiSl USINi; "S.W"Dt
$70 FOR Ki1 TO 11
27o D-,I,j---I, NCMP,DO , , ,- K , : i ¢ l

>0 NEXT
k)00 NE:XT I

410 FRINiT LIN,20,
428 PRINTER 15 16
430 PRINT NUMEEP OF DATA POINTS TAtEli x "IL-I
440 FPINT TO VIEW RAW DATA - 11
450 PRINT TO PLOT DATA - 2"
4,-60 PRINT TO RE-PUN PROGRAM JITH A NEW FILE - 3"
4703 PRINT TO STOP PROGRAM - 4"
43$ PRINT "TO FIND AVERAGE MOTION RESISTANCE VALUE -
4?0 PRItT ' TO FIND AVERAGE TRACTION VALUE -
500 PRINlT ' TO INTEGRATE A CURVE - 71
510 PRINT LIN,5
- ;.3 IIFUT "WHICH ROUTItE DO O,'U WISH 'ENTER NUMBER CODE ,'".FpI
.5 . IF RplI THEN CALL Paidata

540 IF 
9

pl, THEN CALL Pl.)'a5 5 IF Rplu) THEN i OTO 1210
560 IF Rpl-4 THEN GOTO 608

570 IF Pp!lmS OR PlI6) THEN CALL AuArage
58 IF Rpa7 THEMA CALL Energ,
590 GOTO 418
600 END

1310 SUB Auxdata
iZ-" OPTION SASE I

430 COMLOCD.ilIT.14,[3.'IaDtl550..I),;'l 50,SHOPT D'..D~t,-'...
INTEGER L,Mll (')
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'340 IMAGE 9, -

.350) PRINT USING '40
36.3 PRINT LIN'I1,"FILE NAME: 'T::,
670 PRINT L1t, I),"LOCATION: ";LcS
630 PRINT LIN(U,"AMBIEPIT TEMP: ":T:, 3 ; DE

G 
C"

t.'90 PRINT LINV, ."DATE AND TIME: ";TS,4,
?00 PRINT LINI, "TIRE CODE: ":T$S-5)
, 0 PRINtT LIN, I,, 'TIRE INFLATiON PpESS: ";T<' : i'"
72 PRINT LIHNI "TEST TYPE: ":Ti.,
7"30 PRINT LINI1,"CALIBRATION FILE NAME: ";T5 14,
'40 PRINT LIN(3A,"TEST MATERIAL: ";TZS
750 PRINT LINkI,"TYPEOR UNDEPL,ING SURFACE: ";Te9'
7' PRINT LIN( 1,"DEPTN OR THICaNESS: "; T, Sc,;" CM"
-o PRINT LIN, I',"MATEPIAL TEMP: ";TS' II 1*' DEC C",L:'' I,
~SO IF TS(D,."SNOW" THEN PRINT "SNOW DENSITY: l;TI 1:.'," C CC,,"9e IF T18,."THAWING SOIL" THEN PPINT "FPO:EN LA','ER THI:I: "CT .1 f.' "
.j0 PRINT LIN>.,",OLAR INPUT -CLOUD COVER, ShADE. ":r. 13,:"'.

i10 SUBEND
.U( SUB Rawdata

0 OPTION BASE I
4 u il LOCsS50oTs14'C302,.D'I$c501,;bIcsoI,H0FT D ' ..... ",'',", .... o
NtTE,"ER L,M1illi(*.,

_1'50 PRINTER IS 16
i',: INPUT "HARD COP'? OR ON CRT -H OF C ".Pp2I

z70 IF PIoS-"H" THEN PRINTER IS 0
3.c0 IMAGE 1'.,"LV",5V,"LL"5Y5, LS3",5::, "L'1 *7:, V", ," R P'L ,5:I "PS",5 " R'l '. ., "5 l " 4 X. "Pi I I I ",

3"') IMAGE S,4D, 3.
;00 IMAGE , 3X.4D. 3:;
"10 IMAGE *.DD.D.3A
"2.0 IMAGE 0. 2X, DD. D, 3X
;.:0 IMAGE 0.61)
.40 IMAGE *20X

-50 FRINT CHRS' 27 ; "H"
li') PRINT USING '80
C0 PRINT CHRS27'?"I1"

60 FOR 1-1 TO L-1
)90j PRIttT USING 940
1000 FOP ,-I TO 8
1010 IF K-5 THEN GOTO 1050
1020 IF K-4, OR ,-8, THEN COTO 1070

1010 PRINT USING 890;DU(J,K'
1040 COTO 108
1010 PRINT USING 980:D(j,v)
1060 GOTO 1080
1070 PRINT USING 910;DsJ,K'
1088 NEXT K
1090 PRINT USING 920O;DkJ,11>
1100 PRINT USING 930;MIl1iJ.'
1110 NE.,:T J
1120 PRINT LIN, 2
1130 PRINT CHR$( 27)&"m"

1140 SUBEND

1150 SUB Average
1160 OPTION BASE I
1170 DIM AYO'S),AL I),Prcnfrc,
1I 3 COM LocSCI8],Ts(14-[303 ,lab IISCI ,abeliS] SHOPT D ."..,D''t, -
INTEGER L.Mi lik
1190 MAT A, eZER
1200 MHksg
1210 PRINTER IS 16
1220 PRINT LIN(29'," VERTICAL - I"
1230 PRINT " LONGITUDINAL - 2"
1.40 PRINT " SIDE - 3"
1258 PRINT " VELOCITY - 4"
1.260 PRINT " LONG./'VERT. - 5,

1270 PRINT LIN(S)
1280 INPUT "CHOOSE CODE FOR CHANNEL TO BE AVERAGED ".Ch
190 IF Ch,05 THEN GOTO 1320
1 308 Ch.2

4 1310 Mrk*I
1320 PRINT LIN28)
1330 PRINT - WHAT PERCENT OF THE DATA POINTS DO ',OU WANT AVERAGED
1340 PRINT LIN(2),-ANTHpu- lGLESS THAN l'08' WILL AVERAGE THE UPPER '.ABSOLUTE VAL
JE) PERCENT CHOSEN"
150 INPUT Prcnt.Ch.
1360 Prcnt(Ch*4,uPrC€nt(h)
1178 PRINT LIN(.TAB, 38'."I'M WORKING"
11"6 PRINT LIN(S)
1390 FOR GaCh TO Ch*4 STEP 4
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1400 FOR H-I TO L-1
1410 A'H-D'H,G)
1420 IF Mrk-l THEN A HDH,G., DHG-1,
1430 NEXT H
1440 IF Prcnt.100 THEN GOT 1560
1450 MAT SOPT A
1460 3ut-20
1470 FOP P-i TO L 20
14'?0 ;uh.,sSub2*A(P)
14 0 NEXT P
1500 A,,criSum2'tL 20
1510 IF A,er 'O THEN GOTO 1560
1520 FOR H2s1 TO L-1
1530 AH2-ADSAH2 ,

1540 NEXT H2
1550 MAT SORT A
1560 Sumi1-

1570 Count-INTPrcnt(Ch .'100*(L-1,
1500 FOR P=L-Count TO L-I
1598 Suml-SumlA(P)

1600 NE::T P
!610 Ave'G.,Suml-Count
1620 NE::T G
1630 PRINT LIN(20)
:640 INPUT " DO 'OU WANT TO CALCULATE ANY OTHER A'ERAGES -Y OP N' ",O cr5
1-50 IF Ovrlu"Y" THEN GOTO 1210
I 7 INPuT "DO YOU WANT THE OUTPUT ON THE CPT OP A HARD COP. C ,'.R H,'".R$
1670 IF R5< 'H', THEN GOTO 1700

i60 PRINTER IS 0
16'40 GOTO 1710
1700 PRINTER IS 16

1710 INPUT "DO YOU WANT TO SUPRESS THE HEADING 'DOCUMENTARY DATA- f OR N,'"

17 0 IF Po$a"'" THEN GOTO 1790
17,0 PRINT USING 191I;LocS
1740 PRINT USING 1920;'FILE ';Ts,2,';T$'7,:" TE'T"
!750 PRINT USING 1920;"TIPE ":Ts,5,;Ts,6,:" w"
176.0 PRINT USING 1930;"M1ATEFIAL: "ITS'S'
17 0 PRINT USING 19SO;TS,10'," CM THICKNES'"
17a0 PRINT USING 1920;T'S 12':" ; ,c"ITS' 111;" DEC C 'AMBIENT'
170 PRINT LIN(2,
1300 FOR 1-1 TO a

:310 IF Ae(I.a0 THEN GOTO 1950
130 Sd5-*TLEFT "
IS,0 IF I 4 THEN Sdls"RIGHT

:*40 Units-" LBS"
'*0 IF '1-4, OR 1 '8) THEN UniS - MPH"

.%60 IF .I-1, OR ,15 THEN Chfl"'/EPTICAL"
1 70 IF k1-2 OR .1-6) THEN ChSS"LONGITUDINAL"
10 IF '1-3) OR (1-71 THEN ChS."SIDE"

l3 IF '1-4) OR (IS) THEN Chls"'ELOCITY"

1-01 PRINT USING 1040 "AVERAGE OF UPPEP ";Prcn,I):"'. OF DATA - '5S$;Chs:" -
'Ac' 1);Un'tI
1?10 IMAGE K
l4.0 IMAGE 2'v,.4X,2' ,
17'0 IMAGE 3'K)
i40 IMAGE .K,DDD.D.40- '.DDDD.DDDD.,
1950 NE:'T I
1:y0 IF PS-"H" THEN GOTO 1?90
1970 PRINT LIH('S
19:i0 INPUT " PRESS CONT TO RESUME".Du
1990 SUPEND

2000 SUB Plots

Z010 OPTION BASE I
2020 COM Loc$50),Ts$l4.L30,Yiab.ISo],::Iabel$[50].SHOpT Div*).Dist%.,D,-A.

IINTEGER L,MIli(')
2830 Flagl-s
Z040 F1a 9 2-02050 PLOTTER IS 13,"GRAPHICS"

2060 PRINTER IS 16
'870 PRINT LIN50)

2080 PRINT " VERTICAL - 1"
2090 PRINT " LONGITUDINAL - 2"
2100 PRINT " SIDE - 3"

2110 PRINT - VELOCITY - 4"
2120 PRINT " LONG.-VERTICAL - 5"

2130 PRINT LIN(3)
2140 INPUT "CHOOSE VERTICAL AXIS FORCE CODE ",

2150 PRINT LIN(3)
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160 PRINT DISTANCE - 1'
2170 PRINT TIME - 2"
2113 PRINT DIV - 3"

2190 PRINT LIN( 3)
200 INPUT "CHOOSE HORI:ONTAL A:,13 CODE
2210 ON GOTO 2220,2310,2400.2490.2580
2220 Vavl.l
2230 YtabeI$S.VERTICAL FORCE kLBS)

2240 Var2-5
2250 Ymiln-
2260 ymax-3000
22'0 Ytic-50

2280 Yint-0
2z~n fmai.I0
Z300 GOTO 2640

2310 Varlt2-
Z220 'elbel$."LONGITUDINAL FORCE LES)"
2330 Vr2=6

2240 Yaln-200
,350 Ya?.It00
2360 Ytlc.25
2 T0 Yint--2e0
'3S0 Ymaj.8

2390 COTO 2640

-400 Var 13

L410 ,lhb.l$8"SIDE FORCE Lg'"

-420 Vsr,=7
1430 'emin.-300
2440 eoas-4801
2410 N'ti C 50
2460 'ink--890
'470 Ymaj-4
Z4:O rOTO 2640
'4 ? Var 14
_'500 'I e .I$ "WHEEL SPEED -MPH."

51 ')Varz.82520 ', n=3

50 yma.x=30
2540 Yt ,:. 5
2550 Yivin=0
250 yma)-6

2570 GOTO 2640
2580 YM n=8

2590 Ymax-.891
2600 Ytic-.5
2610 Y Int.
2620 Ymaj.2
21Z0 YlablI.LONGITUDINAL-VEPTICAL FORCE"
Z640 IF X-2 THEN GOTO 3030

2650 IF :N-3 THEN COTO 3110
2660 PRINT LIN(3)
2670 INPUT "DISTANCE TRAVELED B'Y VEHICLE e0, OR DI5TANCE TFAVELED BY WHEEL 1'"
,R

2680 IF R-0 THEN GOTO 2810
2690 FlaglFtagl*i

2700 IF FlaqI>! THEN COTO 2910

2710 Diatkt.1).8
2720 Oit 2,1).0
2730 FOR 1-2 TO L-1
2748 Dist(I,I).Dhat(I,I-I,.5200 3600' (D 1,4)*D 1-1.4'' 2'.' M I i 1)-Mill I-I

4,,1000)
2760 NEXT I
2770 PRI T LIH 5,"TOTAL LEFT WHEEL DISTANCE TRAVELED " :Dist1.,L-I*: ' FT'
-780 PRINT LIN<I?,"TOTAL RIGHT WHEEL DISTANCE TRAVELED - ":D '.L-1.:" FT"
27"8 INPUT "PRESS CONT TO RESUME",Dum
Z809 COTO 2920
200 Flag2uFlag2ol

1620 IF FlaQ2>t THEN GOTO 2910
S2a3s Dist~t.l)-o

2840 D $t2,1"0

2350 FOR I-2 TO L-1

~-1 )-1800

270 Dist'2g,.Dhst(t.I'

2880 NEXT I
2890 PRIMT LIH<S),-TOTAL VEHICLE DISTANCE TRAVELED F ":Dtl.L-I;" VT"
2908 INPUT "PRESS CONT TO RESUME",DuM
2910 IF R=S THEN GOTO 2949
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292 0 :: b*JS."DI"STACcE TRAVELED BY WHEEL ,FTt"
2'30 GOTO 2950
'.40 XI kb.IS*'DISTANCrE TPA.ELEL B'i VEHICLE 'FT

2 '.Ds0 ILm,- 1

'70 IF I.3v52,L-1vDIt 1.L-I THEN :<ma -DIs,tL-1 '10-."e . :<nt aO
.3 X mas-5

".'l IF ':max,1j0 THEN ',tic-4
3020 GOTO 3380

-30 8. ilhboNTII1IE -SEC'
.04- ::min-O
"050 .r NksNT L ' 1000 M I 1 5-M 1 ,4 . I

3090 IF ::rnax, 16 THEN <maj-4

:100 GOTO 3380
110 <labIS-a"DIFFERENTIAL INTERFACE -.ELOCIT'FT 'E,,

3120 MAT DivZER
3130 IF Y,>5 THEN COTO 3180
3140 Varl.t
3150 Var2-1
'160 .-r3s2
3170 Yar 4sj
3130 FOP II TO L-I
3130 DI,,I,I' D'I.4,-DI,11',.5230 s600

,

32 IFi" 1.'THEHN,1Ia
3,218 D''*'. I 'sbD.I ,.3 -D,,11 ' ,5288 3608'

3228 IF Dit'2.I, 0 THEN D'*'2,I.,-8
323.0 D I-k 3,1sD. I , Varl
3248 Di'4.Iie-DA,Var2,
3250 IF >5 THEN GOTO 3280
32'68 D',." 5, I',=lhIVar 3

3270 Di 6, I ) mD( I V, r4
32-0 NE>,T I
3 290 COTO 3300
3200 : m I n,..0

310 MAT SORT Dvu(Il*

3330 MAT SORT Div 2.,
3340 IF Div(2,L-1.5 xmt. THEN !Vma.cDfiv,.'2, L- 1'5
3358 .<t i.:. 5

368 NOm 4z
37370 IF Xmax>50 THEN Xmai.iO i
3390 Yr- ABS '¢e ax-Ym i n
3400 PRINTER 15 16
3410 GRAPHICS
-420 SCALE Xmn-,3'-r,2ma..2*:r.,m.,-. 3'r,'mt .. 2-',
3430 CLIP X'in,XmAx.Ymin,Ymax
3440 AXES Xti, Yt ic.2iftntYin'rmj.'n.
3450 LINE TYPE 6
3460 IF Y-5 THEN COTO 3940
'470 MOVE :4min.D(IVarI
346O IF gei THEN GOTO 3540
343.8 IF Ae3 THEN GOTO 3580
3500 FOR I-1 TO L-I
3518 DRAW M l t<I.18000.DtI."hr 1)
3528 NEXT I
530 GOTO 3630
3540 FOR II TO L-2
3550 DRAW Dist'1,.I+I,.D,'.VarI,
?560 NEXT I
3570 GOTO 3630
3580 MAT SORT Div(l,',
353i0 FOR I-2 TO L-I
3600 IF , Di-' Id, AND THEN GOTC 3620
4610 DRAW Diu'1,.1..D- I,Yarl,
368NE:- T I
3630 LINE TYPE I
3640 MOVE XmDn. V (, V ar2 )
3650 IF :,,-I THEN GOTO 3710
3660 IF :;e3 THEN GOTO 3750
367 FOR let TO L-I

3680 DRAW MIII(I' 800,DdI,Var2)
3696 NEXT I
3700 GOTO 366
3710 FOR 11 TO L-2
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3720 DRAW Ds~8.~Dat
3730 NEXT I
3740 GOTO 380
3-50 MAT SORT DI.,2,.,
3760 FOR Im2 TO L-I
3770 IF 'Dvvtl.l'-O AND Din2.Ims0 THEN GOTO 3790
37a0 DRAW Dhvk2,ID.I,Var2)
3790 HEX-T I
3800 IF '(,>4 THEN COTO 3930
3810 LINE TYPE S
3020 MOVE XhlnDkIll..

3830 IF X-1 THEN GOTO 3890
3840 IF X-3 THEN GOTO 3920
3350 FOR Ii TO L-I
3860 DRAW Mi11;(I',1000.DII1.
3-70 NEXT I
3890 GOTO 3920
3:390 FOR 1 1 TO L-2
3900 DRAW Dist(2,I.11.DI,11>
3910 NEXT I
3920 LINE TYPE 1
3930 GOTO 4270
3940 MOVE Xbn.D(1.'DI
350 IF :,.-I THEN GOTO 4010
3960 IF :,-3 THEN GOTO 4050
3970 FOR I1I TO L-1
3930 DRAW MillHI' 1000,DI.2) D 1.1
9 0 NE;T I

4000 GOTO 4100
4010 FOR 1-1 TO L-2
4020 DRAW DstI.1,DCI,2 DI.1,
4030 NEXT I
4040 GOTO 4100
4050 MAT SORT Di-I,*,
4060 FOR 1-2 TO L-I
4070 IF 'Di,(3, I'O, AND 'DI,'4,I -0 THEN TOTO 4090
4080 DRAW Div , ,I .Di-v, 5.1 ,D 3.1 ,
4038? N4EXT I
4100 LINE TYPE 1
4110 MOVE .<mnD(1.6' Dkl.5)
4120 IF :2-1 THEN GOTO 4180
4130 IF 2.3 THEN GOTO 4220
4140 FOR 1-I TO L-I
4150 DRAW M,1l I.'I0O0.DdI.6, DI ,5'
4160 NE..T I
4170 GOTO 4270
41:30 FOR 1-1 TO L-2
4190 DRAW D:st,.,I.DI.6.. DI,5'
4200 NE:.T I
4210 GOTO 4270
4220 MAT SORT D3v2,.)
4230 FOR 1-2 TO L-I
4240 IF KDiv(3,I)e6' AND (Di.A 4,I)e0 THEN GOTO 4260
4Z50 DRAW 0iv(2,I),Div(6.I,'Div<4,1)
4266 NE:T 1
4270 LONG 1
4200 FOR o xin TO :':Max STEP Xtic4Xm&j
4290 MOVE SYont-.0SYr
4300 LABEL J
4310 NEXT J
4326 FOR i-Ymtn TO 'awax STEP Ytic4YtAj
4330 MOVE Xint-.0?.XrS
4340 LABEL J
4350 NEXT J
4366 LONG 4
4376 MOVE Xr.2.Ymin-.2eYr
4380 LABEL XiabolS

4 4390 DIG
4400 LDIR 90
4410 MOVE Xmin-.2eXr,vYmax+Ymin,/2
4426 LA3EL YlaDeI$
4436 LOIN 0
4440 C$11Z 2.9,.444
4456 SpuXmtn+. 15'Xr
44690 LONG 2
4470 MOVE SprY&x-.$l*Yr
4499 LABEL LOC$

4490 MOVE Sp,YUrx-. SlYr
4500 LABEL FLI: -;T(2,
4516 MOVE Sp.Ym&x-.O6*Yr
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4520 LABEL "TIRE: ";Ti'5,
4530 MOVE Sp,Ymax-.134Y,
4540 LABEL TS'6);" psi"

4550 MOVE Sp,'Ymax-.17*Yr
4560 LABEL TS(7);" TEST"

4570 Sp5*Sp
4580 MOVE SpYh.s-.O1*Yr
45SO LORG 8
4600 LABEL "LEFT WHEEL

4610 MOVE Sp,Yma>-.O1*Yr
4620 LINE TYPE 6
4630 LORG 2
4640 FOR I-.1 TO 1.4 STEP .4
4.SSO DRAW 6*' <mn..54:r *I,' -. O1',r
4650 NEXT I
4,470 MOVE Sp,emyma,-. 5.Yr
4680 LINE TYPE 1
4690 LOPO 8
4700 LABEL "RIGHT WHEEL

4710 MOVE 3p,Yra,-.05*Yr
4720 LORG 2
4730 FOR 1I.1 TO 1.4 STEP .4

4-40 DRAW 6*'Xmmn*.25&Kr,'I.,n..-.0S.Yr
4750 NE::T I

4760 IF ( 4 THEN GOTO 4860
4770 MOVE Sp. ?max-. 09*Yr
47$0 LORO 8

4730 LABEL "5th WHEEL

4800 MOVE Sp.Ymax-.69-Yr

4810 LINE TYPE 8

4620 LORG 2
4830 FOP I-.1 TO 1.4 STEP .4
4840 DRAW 6* : Mn.25.::r *IYmaxl.i'r
4858 NEXT I
4360 WAIT 5008

4870 INPUT "DO YOU WANT A HARD COP ', OR N.",RpIS
4880 IF PplS. "Y" THEN COTO 4930

4890 PRINTER IS 0
4900 IMAGE @, -' '.

4910 PRINT USING 4900

4920 DUMP GRAPHICS
4930 EXIT GRAPHICS

4940 INPUT "DO YOU WANT ANOTHER PLOT WITH THIS FILE ' OR N,%F'n
4950 IF RpIS'"Y" THEN COTO 2056
4960 SUBEND

4370 SUB Energy
4980 OPTION BASE I

4998 DIM Energv2,L.

3000 COM LOCSCSO].TZ(14,C3O]Yl&bl15]8I.lkbtlSESO2.SHORT D"'''D'"'',D'*'.
INTEGER L.MI1l

e )

5610 IF TI(7)-"TRACTION" THEN GOTO 5080
5026 PRINT TAB'I0),CHRS I32);".e* FILE INDICATE: THIS IS NOT A TPACTIct TEST

5030 PRINT CNRS(128
5040 PRINT LIN-2),"DO YOU STILL WANT At# INTEGRATION
5050 PRINT TAB'38, "'<Y OR N)"

5040 INPUT OS
5070 IF RS<@"Y" THEN GOTO 5820
508 PRINT LIN(25)
509 PRINT " LONGITUDINAL FORCE VS WHEEL DISTANCE - 1"

5106 PRINT ' LONGITUDINAL FORCE VS VEHICLE DISTANCE - 2"
5110 PRINT " LONGITUDINALVEPTICAL FORCE VS WHEEL DISTANCE - 3"
5120 PRINT " LONGITUDINALVERTICAL FORCE VS VEHICLE DISTANCE - 4"

5130 PPINT LIN(3)
5140 INPUT "CHOOSE PLOT TO BE INTEGRATED".Intg
5150 INPUT "DO YOU WANT THE OUTPUT ON THE CPT -C' OR A HARD COPY '",pIS
5160 PRINT LIN(20),TAB(30),"I'M WORINIG"
5170 PRINT LIN(5,
5180 IF PpIS<'H" THEN GOTO 5210

5190 PRINTER IS 0
5208 GOTO 5220
5210 PRINTER IS 16
5220 PRINT LIN'2)

5V30 ON Irit.g GOTO 5240.5370,5490,5620
5240 MAT Dist-ZEP

5250 MAT Energv-ZER
3260 FOR I2 TO L-It ~ ~~570 D~s(,II)D~st',-1'520300,D' Io4'.D' I-I4'..2 '''MlI1'I['MtIlI' 1-

'''1066)
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5~~~~~~~~~~~~3~~~ Dit'. 3.li',- D'.S k60. 'Dl: DI -1, I .l ,i 3 Z-iI

50 NE T I

5300 PRINT LIN(2),"TOTAL LEFT WHEEL DISTANCE TRAVELED - ":Di' I.L-:'T"
5310 PRItNT LINcL',"TOTAL RIGHT WHEEL DISTANCE TRAVELED F ":Dist.2.L-':"

' 
FT"

53Z0 FOR I-Z TO L-I
5330 En~rg , ,.E.~.rgv(1.-1)(DI.2 D'I-tl,.'2*, Dii ',1 ,-Dia''. I-I,'
5340 ,

5350 NEXT I
5360 GOTO 5730
5370 MAT Dist-ZER
'510 MAT Energy.ER
5390 FOP I12 TO L-1
5400 Dii' ,ILm=is$' 1,1-1 1.5280 3600. ¢D' 1I.11 .0 I1.11' 2 ,Mi Iii (1-MI 111 I

5410 Dis 2,I)-Dijt(1,I)
54Z0 NEXT I
5430 PRINT LIN4,2),"TOTAL VEHICLE DISTANCE TPAvELED n ";DIzt',L-I,*" FT"
5440 FOR 1-2 TO L-I
5450 En~r'I ,I)EnegI,-1+D(I,2.D, -I.2'2 D&',1.I-Dizi,'1.1-1'
'5460 -2*g/ .1 DislV °

5470 H;ET 1
543SO GOTO 5730
34 90 MAT Dist-ZER
5500 MAT Energp-ZER
5510 FOR 1-2 TO L-I

1,0I00)
5520 DizS'.,I)=Dis$(2.I-1)+529O3600 D'I,8,.0CI-I.8' ', '."'MiIl '1)-Mi

1 
i' I-I

,1000'

5540 NEXT I
5550 PRINT LIH(2'."TOTRL LEFT WHEEL DISTANCE TRAVELED = ";Dsi. .L- ,H' FT"
5560 PRINT LIN(l."TOTAL RIGHT WNEEL DISTANCE TRAVELED * ";Diii2.L-1.*" FT"
5570 FOR 1*2 TO L-I
55'0 Enr 2g, I I2En ,gv(I,I- .(D II. D I.4 D I- I 2 , D,1- .I 1 2 'D i'I .I --

5.310 NEXT I

5610 GOTO 5730
5620 MAT DistaZER
563 MAT Energy-ZER

5640 FOP 1-2 TO L-1

5660 , ,1.,iDist 1 1. +5i80,

5670 NEAT I
5630 PRINT LIN 21,"TOTAL VEHICLE DISTANCE TRAVELED - "Di' IL- 'H" FT'
5690 FOR 1-2 TO L-I
15700 E n r 9y I E~e v n , - " ' < . D I I ' - ,D I I I 2 ' c '-w

ii ( I -I,')
5710 E n g,,o I .E e g,2,11En gv I- +- DiI , 6 .D,-I lS - I - I. 6 , D'I - I .5 2- D i - ,I.-D

5720 NEXT I

5730 IMAGE -K,DDDDDDDDD.D.k
5740 LabelS" FT"
5750 IF ,Intg.1) OR iIntg-2 THEN LabelS'" FT-LS"
5760 PRINT USING 573 :LEFT WHEEL ENERGY ="

5770 PRINT USING 5730; "RIGHT WHEEL ENERGY - " ;Ener'." 2, L-1 ,:Label
5790 PRINTER IS 16

5790 INPUT "DO YOU WANT TO INTEGRATE ANY OTHER CURVES -' OR N-"'.Rpl$

5800 IF Rpsii"Y" THEN GOTO 5880
5810 INPUT "PRESS CONT TO RESUME',Dum
5820 SUREND

'I
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